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1. Summary of PDR 

1.1. Team Summary 

1.1.1. Name and Mailing Address 

Tacho Lycos 
Engineering Building III 
911 Oval Drive 
Raleigh, NC 27606 

1.1.2. Mentors 

Alan Whitmore James Livingston Dr. Charles Hall 

acwhit@nc.rr.com livingston@ec.rr.com chall@ncsu.edu 

TRA Certification: 05945 TRA Certification: 02204 TRA Certification: 14134 

Certification Level: 3 Certification Level: 3 Certification Level: 3 

1.2. Launch Vehicle Summary 

1.2.1. Size and Mass 
Table 1 Size and Mass Properties 

PDR 

Length 100 in 

Diameter 5.5 in 

Loaded Weight 29.04 lbs 

Center of Pressure 74.5 in 

Center of Gravity 63.0 in 

Stability 2.09 Caliber 

Apogee 5626 ft 

Max Velocity 754 ft/s 

Max Acceleration 304 ft/s2 

Recovery System 1 Drogue/2 Main 
Parachutes 

Motor L1150R 

mailto:acwhit@nc.rr.com
mailto:livingston@ec.rr.com
mailto:chall@ncsu.edu
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1.2.2. Motor Choice 

The team has selected the Aerotech L1150R motor for the full scale rocket. It has a specific impulse of 
790.6 seconds and a burn time of 3.1 seconds. It is 20.87 inches long and has a diameter of 2.95 inches. 

1.2.3. Recovery System 

The vehicle will come down in two separate sections. A 1.5 foot drogue parachute will deploy at apogee. 
This will separate the nosecone and forward airframe from the fin section and aft airframe. The drogue 
will be attached to an Advanced Retention Release Device (ARRD) in the forward airframe and to a 
bulkhead in the aft airframe. At 1,100 feet AGL, the ARRD will separate the nosecone and forward 
airframe from the aft airframe and fin section. Shortly after, at 1,000 feet AGL, the sample section and 
nosecone will separate, releasing a 4 foot main parachute. A 6 foot main parachute will deploy at 700 
foot between the aft airframe and fin section. 

1.2.4. Milestone Review Flysheet 

The Milestone Review Flysheet can be found in Appendix A of this document. It can also be obtained 
from the Tacho Lycos website at www.ncsurocketry.com. 

1.3. AGSE Summary 

1.3.1. AGSE/Payload Title 

System To Orient Rocket on Mars (STORM) 

1.3.2. Procedural Summary 

A BeagleBone Black (see Figure 1) on the AGSE will control all autonomous tasking for the rocket and 
AGSE system. The BeagleBone will control a series of servos (robotic arm) and stepper motors (erection 
and igniter insertion) to accomplish the mission requirements.  

 
Figure 1 BeagleBone Black 

Basic task sequencing will begin with sample retrieval. The robotic arm will retrieve the sample, lift the 
sample and place it through the payload door into the polyurethane “Pick and Pluck” foam. The arm will 
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then retract from the payload section and position itself under the payload bay door. The arm will then 
push the payload bay door closed. Magnets on the backside of the door will connect magnets on the 
inside of the rocket to seal the door. The BeagleBone will then power on and operate the launch angle 
control (LAC) stepper motor to raise the rocket to the desired launch position. At 5 degrees from 
vertical, a switch will allow the system to power on the motor igniter insertion (MII) stepper motor and 
insert the igniter. The MII motor turns a threaded rod such that a platform with the igniter attached to a 
wooden dowel is raised toward the bottom of the rocket. The MII motor will operate until the ignitor 
fully inserted (IFI) switch verifies it is in position. With the igniter inserted, the rocket can be verified for 
flight readiness by an official. 

2. Changes Made Since Proposal 

2.1. Vehicle Criteria 

The sizes of the main parachutes have been modified to accommodate the current weight estimate of 
the rocket components. The parachutes have been reduced from 5 feet and 7 feet to 4 feet and 6 feet, 
respectively. This reduction will decrease the drift radius while keeping the kinetic energy of each 
section of the vehicle below the specified limit (projected 69 foot-pounds for the forward section, 
attached to the 4 foot parachute and 64 foot-pounds for the aft section, attached to the 6 foot 
parachute). 

There were multiple changes to the internal configuration of the launch vehicle. The airbrake system has 
been moved from the aft airframe to the fin section, specifically within an 8 inch long section 
immediately forward of the motor tube. This section will also contain the telemetry equipment as well 
as power for both systems. Because the airbrake/telemetry bay was moved aft, the aft main chute (6 
feet) and associated shock cord have been moved to be contained within the coupler connecting the aft 
airframe and fin section. The aft avionics bay is not being contained with the airbrake system and is not 
contained between two bulkheads in the aft airframe. This system will continue to be responsible for 
deploying the drogue parachute and aft main parachute. 

Since proposal, the Aerotech L1150R has been selected as the motor to propel the flight vehicle to the 
desired altitude. This motor was selected due to its compact 21 inch length and because it is predicted 
to launch the rocket to an apogee of approximately 5,700 feet. This overshoot allows room for the 
airbrake system to operate, as well as compensating for inevitable increases in vehicle weight during 
construction. The overshoot caused by this motor was the smallest compared to the other motors 
researched. The compactness of the motor will allow the airbrake system to be close to the tail section, 
preventing disruption of stability during airbrake operation.  

The airbrake system will be driven by a Firgelli P16-50-22-12-P linear actuator. This actuator will provide 
sufficient response speed and loading capabilities to control the airbrake system. The actuator also 
allows simple connection and control to Arduino via PWM and USB connection through Firgelli’s Linear 
Actuator Control board (LAC). The entire system is compact, lightweight, and will fit well within the 
section that will house it. 
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2.2. AGSE/Payload Criteria 

Since the proposal the launch rail raising system has been modified from a design built around a linear 
actuator to a geared stepper motor system. This decision was made based on the high cost and large 
weight of the linear actuator needed to lift the rocket and launch rod. The gear based system was also 
chosen because of team members’ previous experience with similar systems. A planetary geared 
stepper motor with a 7.5:1 gear ratio will be used. This provides a factor of safety of 1.5 on the holding 
torque. 

2.3. Project Plan 

Since the proposal the project plan has been expanded. Dates have been added for subscale, full scale 
and AGSE final design, parts ordering, and construction milestone dates. More specific items have been 
added to the budget and the funding plan has been edited to reflect the funds received from the 
Engineering Council.  

3. Vehicle Criteria 

3.1. Selection, Design, and Verification of Launch Vehicle 

3.1.1. Mission Statement 

The Tacho Lycos team will design a launch vehicle and AGSE that will autonomously collect and stow a 
Martian soil sample, represented by a PVC pipe, in the rocket before erecting the rocket, inserting an 
igniter in the motor, and launching the rocket to an apogee altitude of 5,280 feet AGL.  

3.1.2. System Requirements 

The following requirements were gathered from the NASA SL 2016 Handbook due to the comprehensive 
and complete description of requirements: 

1.1. The vehicle shall deliver the payload to an apogee altitude of 5,280 feet above ground level 
(AGL). 

1.2. The vehicle shall carry one commercially available, barometric altimeter for recording the official 
altitude used in the competition scoring. The altitude score will account for 10% of the team’s overall 
competition score. Teams will receive the maximum number of altitude points (5,280) if the official 
scoring altimeter reads a value of exactly 5,280 feet AGL. The team will lose two points for every foot 
above the required altitude, and one point for every foot below the required altitude. The altitude score 
will be equivalent to the percentage of altitude points remaining after any deductions. 

1.2.1. The official scoring altimeter shall report the official competition altitude via a series of beeps to 
be checked after the competition flight. 

1.2.2. Teams may have additional altimeters to control vehicle electronics and payload experiment(s). 

1.2.2.1. At the Launch Readiness Review, a NASA official will mark the altimeter that will be used for the 
official scoring. 
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1.2.2.2. At the launch field, a NASA official will obtain the altitude by listening to the audible beeps 
reported by the official competition, marked altimeter. 

1.2.2.3. At the launch field, to aid in determination of the vehicle’s apogee, all audible electronics, 
except for the official altitude-determining altimeter shall be capable of being turned off. 

1.2.3. The following circumstances will warrant a score of zero for the altitude portion of the 
competition: 

1.2.3.1. The official, marked altimeter is damaged and/or does not report an altitude via a series of 
beeps after the team’s competition flight. 

1.2.3.2. The team does not report to the NASA official designated to record the altitude with their 
official, marked altimeter on the day of the launch. 

1.2.3.3.  The altimeter reports an apogee altitude over 5,600 feet AGL. 

1.2.3.4. The rocket is not flown at the competition launch site. 

1.3.  The launch vehicle shall be designed to be recoverable and reusable. Reusable is defined as 
being able to launch again on the same day without repairs or modifications. 

1.4.  The launch vehicle shall have a maximum of four (4) independent sections. An independent 
section is defined as a section that is either tethered to the main vehicle or is recovered separately from 
the main vehicle using its own parachute. 

1.5.  The launch vehicle shall be limited to a single stage. 

1.6. The launch vehicle shall be capable of being prepared for flight at the launch site within 2 hours, 
from the time the Federal Aviation Administration flight waiver opens. 

1.7. The launch vehicle shall be capable of remaining in launch-ready configuration at the pad for a 
minimum of 1 hour without losing the functionality of any critical on-board component. 

1.8.  The launch vehicle shall be capable of being launched by a standard 12 volt direct current firing 
system. The firing system will be provided by the NASA-designated Range Services Provider. 

1.9.  The launch vehicle shall use a commercially available solid motor propulsion system using 
ammonium perchlorate composite propellant (APCP) which is approved and certified by the National 
Association of Rocketry (NAR), Tripoli Rocketry Association (TRA), and/or the Canadian Association of 
Rocketry (CAR). 

1.9.1. Final motor choices must be made by the Critical Design Review (CDR). 

1.9.2. Any motor changes after CDR must be approved by the NASA Range Safety Officer (RSO), and 
will only be approved if the change is for the sole purpose of increasing the safety margin. 

1.10. The total impulse provided by a launch vehicle shall not exceed 5,120 Newton-seconds (L-class). 
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1.11.  Pressure vessels on the vehicle shall be approved by the RSO and shall meet the following 
criteria: 

1.11.1. The minimum factor of safety (Burst or Ultimate pressure versus Max Expected Operating 
Pressure) shall be 4:1 with supporting design documentation included in all milestone reviews. 

1.11.2.  Each pressure vessel shall include a pressure relief valve that sees the full pressure of the tank. 

1.11.3.  Full pedigree of the tank shall be described, including the application for which the tank was 
designed, and the history of the tank, including the number of pressure cycles put on the tank, by 
whom, and when. 

1.12.  All teams shall successfully launch and recover a subscale model of their full-scale rocket prior to 
CDR. The subscale model should resemble and perform as similarly as possible to the full-scale model, 
however, the full-scale shall not be used as the subscale model. 

1.13.  All teams shall successfully launch and recover their full-scale rocket prior to FRR in its final 
flight configuration. The rocket flown at FRR must be the same rocket to be flown on launch day. The 
purpose of the full-scale demonstration flight is to demonstrate the launch vehicle’s stability, structural 
integrity, recovery systems, and the team’s ability to prepare the launch vehicle for flight. A successful 
flight is defined as a launch in which all hardware is functioning properly (i.e. drogue chute at apogee, 
main chute at a lower altitude, functioning tracking devices, etc.). The following criteria must be met 
during the full scale demonstration flight: 

1.13.1.  The vehicle and recovery system shall have functioned as designed. 

1.13.2. The payload does not have to be flown during the full-scale test flight. The following 
requirements still apply: 

1.13.2.1. If the payload is not flown, mass simulators shall be used to simulate the payload mass. 

1.13.2.2. The mass simulators shall be located in the same approximate location on the rocket as the 
missing payload mass. 

1.13.2.3. If the payload changes the external surfaces of the rocket (such as with camera housing or 
external probes) or manages the total energy of the vehicle, those systems shall be active during the 
full-scale demonstration flight. 

1.13.3.  The full-scale motor does not have to be flown during the full-scale test flight. However, it is 
recommended that the full-scale motor be used to demonstrate full flight readiness and altitude 
verification. If the full-scale motor is not flown during the full-scale flight, it is desired that the motor 
simulate, as closely as possible, the predicted maximum velocity and maximum acceleration of the 
competition flight. 

1.13.4.  The vehicle shall be flown in its fully ballasted configuration during the full-scale test flight. Fully 
ballasted refers to the same amount of ballast that will be flown during the competition flight. 

1.13.5.  After successfully completing the full-scale demonstration flight, the launch vehicle or any of its 
components shall not be modified without the concurrence of the NASA Range Safety Officer (RSO). 
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1.14. Each team will have a maximum budget of $7,500 they may spend on the rocket and its 
payload(s). (Exception: Centennial Challenge payload task. See supplemental requirements at: 
http://www.nasa.gov/mavprize for more information). The cost is for the competition rocket and 
payload as it sits on the pad, including all purchased components. The fair market value of all donated 
items or materials shall be included in the cost analysis. The following items may be omitted from the 
total cost of the vehicle: Shipping costs and Team labor costs 

1.15. Vehicle Prohibitions 

1.15.1. The launch vehicle shall not utilize forward canards. 

1.15.2. The launch vehicle shall not utilize forward firing motors. 

1.15.3. The launch vehicle shall not utilize motors that expel titanium sponges (Sparky, Skidmark, 
MetalStorm, etc.). 

1.15.4. The launch vehicle shall not utilize hybrid motors. 

1.15.5. The launch vehicle shall not utilize a cluster of motors. 

3.1.3. Mission Success Criteria 

The team will design a launch vehicle that will leave the launch pad at over 44 feet per second, fly to an 
apogee altitude of 5,280 feet AGL without incident, activate all recovery events at preprogrammed 
altitudes, and descend with an acceptable level of kinetic energy. 

3.1.4. Subsystem Descriptions 

3.1.4.1. Nosecone 

Model rocketry nosecones can be chosen for a wide variety of flight conditions depending on speed and 
purpose. From preliminary design simulations, it was determined that the rocket would operate well 
below supersonic speeds. As the simulations showed, a K motor would be insufficient to achieve the 
desired altitude and an L motor would overshoot the target altitude of one mile AGL. Therefore, the 
team determined that the vehicle will feature a 3:1 ogive nosecone, which can be seen in Figure 2 with 
dimensions in Figure 3. The ogive nosecone has slightly higher drag compared to an elliptic nosecone at 
subsonic speeds, which will bring the apogee altitude closer to the target altitude. The nosecone, 
constructed of wound fiberglass for durability, will be purchased from Rocketry Warehouse to save time 
and money. The nosecone has a base diameter of 5.5 inches with a 5 inch shoulder and a 16.5 inch 
exposed length. There will be a 0.375 inch thick birch plywood bulkhead in the nosecone with an 
appropriately sized U-bolt to attach the recovery system harnesses. 
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Figure 2 3:1 Ogive Nosecone 

 

Figure 3 Dimensions of Ogive Nosecone 

3.1.4.2. Airframe 

The vehicle body will be constructed of 5.5 inch diameter, spiral wound fiberglass tubing. Fiberglass 
offers high strength and durability and is also waterproof in case of a water landing. The forward 
airframe can be seen modeled in Figure 4 and dimensioned in Figure 5, while the aft airframe can be 
seen modeled in Figure 6 and dimensioned in Figure 7. The airframe will have three break points along 
its length and will separate between the nosecone and forward airframe, forward and aft airframes, and 
aft airframe and fin section.  

Internally, the body tube will be separated into six sections divided by 0.75 inch birch plywood 
bulkheads. The first section, located between the nosecone bulkhead and the foremost forward 
airframe bulkhead, will have the 4 foot main parachute. The section between the two bulkheads in the 
forward airframe will house the forward avionics bay and payload retention bay. This avionics bay will 
control the forward main parachute and the ARRD. The section between the forward and aft airframes 
will house the 18 inch drogue parachute and ARRD, which will be mounted on the bulkhead in the 
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forward airframe. The section between the bulkheads in the aft airframe will contain the aft avionics bay 
which will control the ejection charges for the drogue and aft 6 foot main parachute. The section 
between the aft airframe and fin section will contain the 6 foot main parachute. Below that, in the 
enclosed section beneath the fin section bulkhead, will be an electronics bay which contains telemetry 
and airbrake control. Each of the altimeter bays and the electronics bay will have an access hatch to 
allow for batteries and other components to be switched out as necessary. The payload bay will also 
have a door to allow the payload to be inserted and sealed. The bulkheads will all be flush with a section 
of coupler epoxied in place in the direction of parachute loading for increased strength. 

 

 

 
Figure 4 Forward Airframe Models 
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Figure 5 Forward Airframe Dimensions 

 
Figure 6 Aft Airframe Models 
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Figure 7 Aft Airframe Dimensions 

3.1.4.3. Avionics 

The rocket will contain two avionics bays, each centrally located in their respective airframes. Each 
avionics bay will contain two altimeters. The forward avionics bay will contain two Entacore AIM 3.0 
altimeters and control the 4 foot main parachute and the ARRD. The first Entacore will be programmed 
to fire the primary charges to separate the ARRD at 1,100 feet and the main parachute at 1,000 feet. The 
second Entacore will be programmed to fire redundant charges 100 feet below each of those respective 
altitudes. The aft avionics bay’s Stratologger CF will be programmed to fire the ejection charges for the 
drogue at apogee and the 6 foot main parachute at 700 feet. The Stratologger SL100 for the aft avionics 
bay will also be programmed to fire the redundant charges 1 second after apogee for the drogue and at 
600 feet for the main. Each altimeter will be independently powered by a 9 volt battery and wired to its 
own switch. The switches will not be armed until the rocket is erected on the launch rail to avoid 
unnecessary battery drain. To ensure that all altimeters and batteries are secure, custom fitted 3D 
printed avionics sleds will be produced, such as the one in Figure 8. 
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Figure 8 Entacore Avionics Sled 
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Figure 9 Avionics Sled Bay Dimensions 

3.1.4.4. Stability 

For the purposes of stability analysis, the datum reference point was established at the tip of the 
nosecone. From preliminary calculations in OpenRocket, the center of gravity was located 63.0 inches 
aft of datum and the center of pressure was located 74.5 inches aft of datum. This makes the static 
margin 2.09 caliber. If the design of the rocket changes, Barrowman’s method will be reapplied to verify 
the center of pressure. Once the rocket is constructed, the center of gravity will be verified by balance 
and ballast will be added as needed in order to assure a satisfactory static margin. 

Launch rail exit velocity is crucial to the vehicle’s stability. For sufficient stability off of the rail, Jim 
Livingston suggested a minimum velocity of 44 feet per second as the foremost rail button leaves the 
launch rail. For the L1150R motor and a 96 inch launch rail, it was found that the vehicle’s top rail button 
would leave the rail at 54.1 feet per second. Assuming that the top rail button is 24 inches from the 
bottom of the rocket, the rail button will travel 72 inches before leaving the rail. The equation used to 
calculate this velocity is shown below. This equation is derived using the assumption that the forces 
acting on the vehicle as well as its mass are constant over the short time on the rail. In addition, rail 
friction was neglected as well as drag due to the low velocities being considered. 
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𝑉𝑒𝑥𝑖𝑡 = √
2𝐿(𝑇 − 𝑊𝑠𝑖𝑛𝜃)

𝑚
 

 

Eq.1 

 

 

L is the distance the top rail button travels before it leaves the rail. This distance is related to the rail 
length by adding the distance between the top rail button and the base of the vehicle’s fin section. T is 
the L1150R motor’s average thrust over the first 0.24 seconds of flight, W and m are the vehicle’s weight 
and mass respectively, and θ is the launch rail’s angle from the horizontal (specified from the launch 
requirements to be 85 degrees). While this rail exit velocity is above the minimum value, drag, rail 
friction, non-constant thrust, and the propellant burn-off were not taken into account. Also, the 
vehicle’s weight is likely to increase between the preliminary design and the final construction. This rail 
exit velocity will be verified using drag estimates from ANSYS’s Fluent CFD program, propellant burn-off 
estimates, a final vehicle weight, and varying thrust values. The launch rail length will be adjusted if this 
more accurate rail exit velocity estimate does not meet the minimum value. 

  

3.1.4.5. Fin Section 

The fin section of the airframe will be a 34.5 inch section of 5.5 inch outer diameter fiberglass. Four slots 
will be cut at 90 degree intervals that are 0.25 inches wide, 4 inches long, and located 2 inches forward 
of the tail end of the vehicle. There will be a 0.75 inch thick, 5.36 inch diameter bulkhead located 3.5 
inches aft of the forward end of the nosecone. The bulkhead will secure a U-bolt which will connect the 
fin section to the aft airframe at main separation event. A 0.75 inch engine block will be mounted 12.7 
inches from the forward end of the fin section. Between the bulkhead and the engine block will be the 
electronics bay housing the telemetry and airbrake control. At the aft end of the fin section, a 21 inch 
long, 3.11 inch diameter fiberglass tube will be epoxied inside to act as the motor mount. Two 0.375 
inch centering rings fabricated from birch aircraft plywood will be epoxied to the inner surface of the 
airframe to align the motor as concentric to the body tube as possible. The centering rings will sit flush 
against the tabs extending from each of the four fins to provide a more secure attachment of the fins 
and can be seen in Figure 10. Two flaps for the airbrakes will be located flush with the surface of the 
airframe between and slightly above the fins. Each fiberglass flap will be located 90 degrees from the rail 
buttons and will be cut out of the slots that they will sit in. The exact size and placement of the airbrake 
flaps can be seen in Figure 11. Each fin will be constructed from birch aircraft plywood with a 0.25 inch 
thickness as seen in Figure 12. 
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Figure 10 Fin Section Models 
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Figure 11 Fin Section Dimensions 
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Figure 12 Fin Dimensions 

3.1.4.6. Motor 

The AeroTech L1150R motor was chosen based on the motor requirements, the expected weight of the 
rocket and the altitude requirement. It was also chosen so that the rocket would have a stable rail exit 
velocity. The motor has a diameter of 0.295 inch and is 20.87 inches in length. The total weight of the 
motor is 8.10 pounds. The weight of the propellant is 4.19 pounds. The burn time is 3.1 seconds and the 
average thrust is 258.5 pounds. After the motor has finished burning the stability margin will increase to 
3.21 calibers. Based on the OpenRocket simulation, the motor will propel the rocket to an apogee of 
5,720ft. This is more than the altitude requirement of 5,280ft but when the airbrake system engages the 
drag on the rocket will increase and the apogee altitude will decrease. Additionally, there will be weight 
added throughout the build process in unaccounted for hardware and excess resin. Extra sensors, larger 
parachutes and other design changes could also add weight to the rocket. Based on the final design of 
the airbrake system and final rocket weight the airbrakes will be configured such that the apogee is at or 
under 5,280ft. 
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3.1.4.7. Payload Compartment 

The payload compartment will be located in the forward airframe of the rocket, behind the first 
bulkhead. The payload door will be hinged to the body tube in a way that allows the door to rotate in 
the axial direction of the rocket. The payload door will be 5 inches in length and 3 inches in width. The 
two hinges will be mounted on the inside wall of the fiberglass body tube. Prior to autonomous 
activation, the door will be placed in an open orientation. The payload door will be located on the side 
of the rocket with the door opening toward the ground. Three permanent magnets will be placed on the 
outer edge of the door, one on each end and one in the middle. Three magnets will also be fixed inside 
the body tube such that when the door is closed the magnet pair connect and the door seals shut. The 
door will be sealed by the robotic arm pushing it from the open position until the door is flush with the 
rocket body and the magnets lock the door into place. Inside the payload compartment there will be a 
5.25 inch by 2 inch block of “Pick and Pluck” polyurethane foam that will be fitted to the payload size 
specifications of a cylinder 4.75 inches in length with a diameter of approximately ¾ inch. There will also 
be foam on the inside of the door that will fit over the payload and prevent it from shifting during 
erection and liftoff. 
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Figure 13 Payload Compartment Model 

3.1.4.8. Airbrake System 

3.1.4.8.1. Electrical Subsystem 
The airbrake system will be controlled by an Arduino MEGA that will be using an Adafruit barometric 
pressure sensor (BMP180) to measure the current pressure and altitude. The system will use the 
Arduino to plot a curve using the BMP180 to determine when to apply the airbrakes. The Arduino will 
control the actuator through Firgelli’s Linear Actuator Control board (LAC). This board accepts analog 0-
3.3 volt, 4-20 milliamps, digital 0-5 volt pulse width modulation (PWM), 1-2 millisecond standard RC, or 
USB to control the actuator. It has been determined that using PWM will be the simplest way for the 
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Arduino to communicate with the LAC. The system will deploy the airbrakes and constantly update the 
estimated apogee. The airbrake deployment will be updated every 300 milliseconds so that estimated 
apogee is maintained at 5,280 feet.  In addition, the system will also include a GPS (to relay the location 
of the rocket) and a radio (to transmit live data to the ground). The team will be using Arduino-C to 
program the airbrake system onboard the rocket. The schematic below shows the relationship between 
the electronics used for the airbrake system. 

 

 
Figure 14 Airbrake Circuit Diagram 

 
 

3.1.4.8.2. Mechanical Subsection 

The airbrake system will be driven by a Firgelli P-50-22-12-P linear actuator. This actuator was chosen 
due to its loading capabilities (0- 11.24 pounds) and actuating speed (up to 1.8 inches per second, as 
well as its stroke of 1.97 inches. This results in a minimum deployment time of the airbrakes of 0.8 
seconds at zero load and a deployment time of about 1.2 seconds with expected aerodynamic loads. The 
actuator will be mounted atop the engine block in a specially designed housing, and will activate the 
brakes with a pulling motion as opposed to a pushing one. The single push/pull rod of the actuator will 
interact with flaps through a system of rods and hinges as seen in Figure 15 below. There will be one 
15.5 inch stainless steel rod for each of the flaps that is guided by holes in the engine block, as well as 
Delrin guides further down closer to the flaps.  
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Figure 15 Airbrake System 

 

The actuator will act on the rods with a machined aluminum rod-connector. These rods will travel down 
to a system of hinges and pivot points as shown in Figure 15 that allow for a large change in airbrake 
angle (~45 degrees), in such a confined location. This mechanism will also put less load on the rods and 
actuator with higher deployment angles. As the angles of the flaps deployment get higher the majority 
of the load will be placed on the Delrin guides. 

The flaps will be precision cut from the fiberglass fin section, and therefore naturally fit within their 
respective slots. The hinges that attach the flaps will be commercially bought hinges and will be 
attached to the body and flaps using both screws and epoxy to ensure that they do not fail.  



 

 

29 | P a g e  

 

 
Figure 16 Close-Up of Airbrake Pivot 

 

Using a preliminary iterative MATLAB code, the team has predicted that the airbrakes will need to begin 
to deploy at altitudes between 3,000 and 3,400 feet. This code is still being improved to be more 
accurate in predicting at what altitude and/or at what speeds the airbrakes will have to deploy. Because 
total flight time to apogee is about 18 seconds and the airbrakes only require about 1.2 seconds to 
deploy, the system will have plenty of time and altitude to deploy and ensure that the rocket hits its 1 
mile target apogee.  

3.1.5. Performance Characteristics for System and Subsystems 

The systems and subsystems will be deemed successful if they carry out their respective tasks. Ideally, 
the tasks will only take one attempt to accomplish. The system will still be successful though if it can 
fully convey its potential, even if it takes more than one attempt. The level of accuracy will be measured 
by how close the systems come to the expected results, such as when the parachutes deploy to release 
the sample section. Many of the tasks are crucial to the success of the entire mission, such as picking up 
the sample and retaining it within the rocket. Systems such as these will be evaluated on a pass/fail 
basis. 
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3.1.6. Verification Plan 

A series of experiments will be conducted to ensure the viability of the launch vehicle subsystems and 
verify that they are ready for flight. 

Airbrake Altimeter Test: In order to ensure the viability of the airbrake system, the team first wanted to 
test the altimeter that will be used for the airbrakes. The “Red Means Go!” rocket which was used in the 
2009-10 Student Launch Competition was repurposed for the launch. On board the rocket, an altimeter 
whose data was processed by an Arduino MEGA 2560 was included. The results of the data collected are 
below in Figure 17. The recorded apogee was compared against the recorded apogee of the altimeters 
that were used for the ejection charges. The Arduino recorded an apogee of 3,728 ft. while the SL100 
recorded 3,713 feet and the Entacore AIM recorded 3392 feet but it was determined that the Entacore 
encountered an error. The altitude that it used as ground-level was significantly different (458 feet) than 
what it should have been according to the standard model. This test was conducted October 24, 2015. 

 
Figure 17 Arduino Altimeter Test Results 

Wind Tunnel Test: The team will be using the NC State subsonic wind tunnel to determine aerodynamic 
characteristics of the airbrake system at various levels of deployment. This will ensure that the actual 
ratio of coefficient of drag versus angle of deployment is similar to expected values. This test will be run 
at various speeds to ensure that error can be minimized and data accuracy can be achieved. The test will 
mount the fin section, or a simulated fin section with airbrake system on the NC State sub-sonic wind 
tunnel’s sting. Coefficient of drag will be quantified using measured values of drag, air density, free 
stream velocity, and against deployment angle. This will allow a plot of drag coefficient versus 
deployment angle to be generated and compared to computation models. 
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Altimeter Pressure Test: In order to ensure that the altimeters used for ejection charges onboard the 
rocket execute correctly, altimeters will be placed in a vacuum chamber and will be hooked up to an 
LED. If the LED illuminates at the correct pressure, then it will be deemed worthy for flight. The same 
test will be run on the altimeters that will be used for the air brake system. 

GPS Transmitter Experiment: In order to ensure that all transmitting devices function properly, the team 
will perform a test using 2 BigRedBee GPS Units, and the airbrake telemetry system to transmit data to a 
ground station at the same time. All the units transmit at the same frequency, so it will be necessary to 
set the devices to different channels. A range test will also be conducted to make sure that signals from 
over a mile (line of sight) away are received. 

3.1.7. Project Risks 
Table 2 Project Risk Analysis 

Risk Likelihood Impact Mitigation Mitigation Cost 

Overspending Low Medium Proper budgeting May have to find 
other income 

Delays Medium High Proper planning 
and diligence 

May lose time 
delegated to other 

areas 

Lack of Resources Low High Thorough bill of 
materials 

Sacrifice items 
from other areas 

Improper Design Medium High Proper analysis of 
each subsystem 

May attempt to 
spend too much 
time on a single 

system 

Rocket Motor 
Failure 

Low High Use well-
established 

motors 

May need to 
purchase a more 
expensive rocket 

Inadequate 
Sample Retention 

Medium Low Increase grip 
strength of 

payload retention 

Over 
compensation 

may limit ability to 
insert sample 

Stepper Motors 
Fail 

Medium High Use more robust 
motors 

Increase in weight 
of AGSE and price 

Insufficient Power 
Supply 

Medium High Use larger power 
supply 

Increase in weight 
of AGSE and price 
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3.1.8. Understanding of Project Components 

All of the risks defined in Appendix B (the FMECA diagrams) must be taken into account when designing 
the vehicle and AGSE. Accounting for these risks will ensure the safety of the team. Any of the safety 
risks coming to fruition would severely impact progress on the design, or halt the work completely. As 
with any project, there is also the risk of going over budget. This risk should be avoided, and can be if 
proper care is taken to keep up with team's capital. If the team goes over budget, then at the very least 
points will be lost or the team may be disqualified overall. Lastly, ample time must be allotted to each 
section of the design, documentation included. Any delays would quickly compound and push back 
progress on other aspects of the design, potentially preventing the project to be finished. Therefore, it is 
imperative that the team remain on schedule whenever possible. 

3.1.9. Planning of Manufacturing, Verification, Integration, and Operations 

The NC State High-Powered Rocketry Club is located in the MAE Student Fabrication Lab, Room 2003 
Engineering Building III. Club members also have access to the Aircraft and Space Senior Design Labs, 
Rooms 1224 and 1225. 

Additionally, the club has access to two machine shops located on the first floor of Engineering Building 
3. Gary Lofton is the supervisor for the Mechanical Engineering Senior Design Machine Shop located in 
Room 1205 and helps with design and parts requests. Steve Cameron is the supervisor for the MAE 
Department Machine Shop located in Room 1228 and can do more precision machining. The Structures 
Teaching Lab located in Room 2208 will provide additional testing equipment for materials testing. 

 Room 2003 has the following equipment available: 

 Craftsman 1.6 inch Variable Speed Scroll Saw (Figure 18) 

 Craftsman 12 inch Bench Drill Press (Figure 19) 

 Task Force 4” Belt and 6” Disc Sander (Figure 20) 

 120 Volt 60 HZ Band Saw 

 16 Gallon 6.5 HP Shop Vac 

 Dremel 400 XPR Rotary Tools 

 Ryobi HG600 Heat Gun 

 Drill Bit Case from 3/64” – ½” 

 Task Force Ratchet/Socket Kit 

 Digital Micrometer 

 SoftWorks 5lb Food Scale 

 Wilton Bench Vice 

 Vacuum hoses for wet layups 

 Dewalt 18V Drill 
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Figure 18 Variable Speed Scroll Saw 

 

Figure 19 Drill Press 
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Figure 20 Task Force 4” Belt and 6” Disc Sander 

 

Figure 21 Band Saw 
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Figure 22 Ryobi Heat Gun 

 
Figure 23 Dewalt 18V Drill 
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Bulkheads will be constructed by bonding three laser cut 1/8” Birch plywood circles together with 
epoxy. The bulkheads will be held in place using a vacuum seal. A large piece of plastic vacuum bag lining 
will be placed on a clean surface free from debris. The plastic will be sized to fit the number of 
bulkheads being made. The plastic will be large enough for the bulkheads to lay side by side without 
touching on one half of the lining. Folding the plastic over will reduce the amount of material that needs 
to be cut and used. Peel ply will be laid over the vacuum bag to aid in the removal of the bag after the 
epoxy dries. The peel ply will be cut so that it is two inches shorter than the plastic on each edge and 
have one inch of overhang past the bulkheads. The gap along the edge will allow thin strips of plumber’s 
putty will be placed along the outer perimeter of the lining, forming a seal. Extra putty will be placed 
around the place where the vacuum tube will be inserted into layup.  

The bulkheads will then be placed on the peel ply and vacuum bagging and epoxy will be applied. The 
second half of the peel ply will be folded over and then cotton breather as large as the folded over peel 
ply. Strips of breather will be cut and placed to connect the end of the vacuum tube to the rest of the 
breather. Correct breather coverage will ensure that the vacuum removes the air uniformly and the air 
pressure is applied uniformly. The second half of the vacuum bagging will then be folded over and the 
edges pressed into the putty to secure the seal. Special attention will be paid securing the putty seal 
around the vacuum tube. The vacuum of -20 inches of mercury will then be applied for 8-12 hours to 
allow the West Systems epoxy and hardener to dry. 

The fins will also be constructed from two laser cut pieces of 1/8” birch aircraft plywood bonded 
together with epoxy. The fins will be created using the same process as the bulkheads. If the bulkheads 
and the fins can be laid up at the same time, both will be fabricated at the same time. The fins will pass 
through the outer body tube and attach to the motor mount tube with epoxy. Epoxy will also be added 
on the outside of the body tube around the edges of each fin to further secure the fins to the rocket. 
Any excess epoxy on the outside of the body tube will be removed after 8-12 hours to reduce the weight 
of the rocket. 

3.1.10. Confidence and Maturity of Design 

The team is confident that the vehicle design will work based on previous experience with rocket design, 
fabrication, and assembly. Designing and building the airbrake subsystem will be one of the more 
challenging parts of the rocket, but the team is confident that it can properly integrate the system and 
that the rocket will not exceed the altitude ceiling. The team is also confident that the current AGSE 
design is feasible based on prior experience in construction, electronics, and robotics. 

The design has matured from the original proposal with the relocation of the airbrake control system to 
the fin section so that the control is closer to the flaps located near the fins. Every bulkhead is now 
reinforced by being seated firmly against a section of coupler. The bulkheads have been increased in size 
from 0.375 inches to 0.75 inches in order to facilitate the addition of access hatches to the various 
altimeter and electronics bays. 
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3.1.11. Assembly Drawing 

 
Figure 24 Full scale Rocket Assemblies 
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3.1.12. Electrical Schematic for Recovery System 

 
Figure 25 Drogue Deployment 

 
Figure 26 Main/ARRD Deployment 
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3.1.13. Mass Statement 

The rocket is currently estimated to weigh 29.04 lbs. This weight comes from OpenRocket and 
SolidWorks models; therefore, it is an accurate approximation. Much of the weight of the rocket comes 
from the motor and casing of which the casing itself is about half. This weight approximation does not 
include the epoxy or paint needed to build the rocket, so the team is expecting a 15% increase in the 
total weight. The extra weight should not interfere with the rocket because calculations were made with 
greater mass assumptions. 

 
Table 3 Mass Statement 

Component Weight (lbs) 

Nosecone 2.26 

Forward Airframe 6.45 

Aft Airframe 5.21 

Fin Section 7.02 

Motor and Casing 8.10 

Total 29.04 

3.2. Recovery Subsystem 

The recovery system will consist of three parachutes, four altimeters, an Advanced Retention Release 
Device (ARRD), electronic matches, and black powder charges. At apogee, the 1.5 foot drogue parachute 
will deploy between the forward and aft airframes. The aft avionics bay will control the ejection charges 
for the drogue, with the Stratologger CF programmed to fire the primary charge at apogee and the 
Stratologger SL100 programmed to fire the redundant charge 1 second later. 

At 1,100 feet, the ARRD will separate the forward airframe from the aft airframe, leaving the drogue 
attached to the aft airframe. At 1,000 feet, the 4 foot main will deploy between the nosecone and 
forward airframe. Both of these events will be controlled by the forward avionics bay, with the primary 
charges controlled by the first Entacore and the secondary charges controlled by the second Entacore. 
Secondary charges are to be detonated 1 second after primary charges 

The 6 foot main parachute will deploy at 700 feet between the aft airframe and the fin section. The 
ejection charges will be controlled by the aft avionics bay. The Stratologger CF will control the primary 
ejection charge and the Stratologger SL100 will control the redundant charge, which will detonate 1 
second after the primary. 

Black powder charge sizes were calculated with the following formula: 

 𝑚 = 𝐿 ∗ 𝐷2 ∗ 0.006 Eq. 2 

Where L is the length of the section in inches, D is the diameter in inches, and 0.006 is a constant used 
to convert cubic inches to grams of black powder. From the preliminary design, the forward main 
parachute cavity requires 2.3 grams of black powder and will therefore have a 2.5 gram redundant 
charge. The drogue parachute cavity will require 1.8 grams of black powder and will have a 2.0 gram 
redundant charge. The aft main parachute will have a 2.1 gram primary charge with a 2.3 gram 
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redundant charge. These charge sizes may be subject to change if the volumes of the parachute cavities 
change or the ground ejection testing proves a more energetic ejection is necessary to fully deploy the 
parachutes. There will be four 4-40 nylon shear pins at each separation point to hold the rocket together 
until deployment. 

 

3.3. Mission Performance Predictions 

3.3.1. Mission Performance Criteria 

The first objective to accomplish is the altitude requirement of 5,280 feet AGL. Based on the simulations 
and calculations, the L1150R motor is sufficiently powerful to carry the vehicle past the goal at the 
current projected weight. The additional drag provided by the airbrakes will lower the apogee to the 
target. 

One of the altimeters has to be designated as the officially scored competition altimeter. All of the 
altimeters will be calibrated carefully to ensure accuracy and programmed to read the correct altitude 
for the elevation at the launch site. 

The launch vehicle must be recoverable and reusable. The vehicle will be constructed from sturdy 
materials which will easily withstand the gentle landing. The staged recovery system will ensure that the 
landing is low force. The two, independent sections will each contain a GPS tracking unit to aid in the 
recovery of the vehicle after landing. 

The vehicle shall have a maximum of four independent sections. These sections at landing will be the 
nosecone, forward airframe, aft airframe, and fin section. 

The launch vehicle will be limited to a single stage. The vehicle will be flying on a single stage L1150R 
motor. 

The launch vehicle shall be capable of being prepared for flight at the launch site within 2 hours. 
Through proper use of a launch checklist and rehearsed assembly of the vehicle, the team will be able to 
prepare the vehicle for flight within this time constraint. 

The launch vehicle shall be capable of remaining in launch-ready configuration at the pad for a minimum 
of 1 hour without losing the functionality of any critical on-board component. Each electrical component 
will be independently by either a fresh 9 volt battery or a fully charged LiPo battery to minimize the 
drain on each battery thereby increasing its life. Furthermore, the altimeters will have switches which 
will not be activated until the vehicle is in launch configuration on the pad, which will further decrease 
the drain on the batteries. 

The launch vehicle shall be capable of being launched by a standard 12 volt direct current firing system. 
The standard igniter used to ignite the motor being used to launch the vehicle can be triggered by a 
standard 12 volt direct current firing system. 

The launch vehicle shall use a commercially available solid motor propulsion system using ammonium 
perchlorate composite propellant (APCP). This motor shall not exceed 5,120 Newton-seconds of total 
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impulse (L-class). The vehicle will be flown on an AeroTech L1150R motor, which is approved and 
certified by the National Association of Rocketry (NAR) and has a total impulse of 2517 Newton-seconds. 

3.3.2. Flight Profile Simulations 

Figure 27 below shows a flight profile simulation from OpenRocket using the AeroTech L1150R motor 
with the drogue parachute deploying at apogee, the forward airframe main parachute deploying at 
1,000 feet, and the aft airframe main parachute deploying at 700 feet. 

 
Figure 27 OpenRocket Flight Simulation 

3.3.3. Stability Margin, Center of Pressure, Center of Gravity 

OpenRocket and Barrowman’s equations were both used to find the stability margin, CP, and CG of the 
vehicle. OpenRocket gave a static margin of 2.09 with the center of gravity located 63.0 inches aft of the 
datum and the center of pressure located 74.54 inches aft of datum. In comparison, Barrowman’s 
equations gave values of 1.87 with the CG at 64.2 inches aft of datum and CP at 74.52 inches aft of 
datum. The center of pressure for an ogival nosecone is 46.6 percent of the length, measured from the 
tip of the nose. 

3.3.4. Kinetic Energy at Landing 

A MATLAB program was written to determine the parachute sizes required to keep the velocity and 
kinetic energy to acceptable levels. The MATLAB program assumed the drag coefficient of the 
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parachutes to be 1.75. The density was assumed to be standard sea level and was set at 0.002377 
slugs/ft3. The velocity was calculated using the equation: 

 𝑉 = √
2𝐷

𝐶𝐷𝜌𝐴
 Eq. 3 

Where D equals the weight of the vehicle, CD equals the drag coefficient, ρ represents the density, and A 
gives the area of the parachute. The kinetic energy KE was found using: 

 𝐾𝐸 =
1

2
𝑚𝑉2  Eq. 4 

Where m is the mass of the rocket, and V is the velocity found above. These results were then plotted 
against different parachute sizes to determine the ideal size required to keep the vehicle reusable.  

 
Figure 28 Vehicle Under Drogue Velocity 

Under the club mentor’s guidance, 100 feet per second was chosen as the maximum velocity the vehicle 
will fall under drogue. Using that requirement, a 1.5 foot drogue parachute was chosen to deploy at 
apogee. Figure 28 above shows the parachute diameters required to slow the parachute down to 82 
feet per second. The rocket weight, after propellant burn, was used to calculate these values. 
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Figure 29 Main Forward Airframe Kinetic Energy Calculator 

At 1,000 feet, the main parachute will deploy between the nosecone and forward airframe. This section 
must impact the ground with less than 75 foot-pounds of energy. In order to accomplish this, a 4 foot 
main was chosen, as shown in Figure 29 above. This will slow the rocket down to 21.1 feet per second. 
The weight used to determine this value was the projected weight based on the OpenRocket model plus 
15 percent for unaccounted for hardware and epoxy weight. 
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Figure 30 Main Fin Section Kinetic Energy Calculator 

At 700 feet, the main parachute will deploy between the aft airframe and fin section. This section also 
has the requirement of landing with less than 75 foot-pounds of kinetic energy. Using Figure 30 above, a 
6 foot parachute was chosen to allow the fin section to also land safely. The parachute will slow the fin 
section down to 16.6 feet per second. The rocket weight after propellant burn and allowing for a 15 
percent increase was used to calculate these values. 

 

3.3.5. Wind Drift 

A MATLAB code was written in order to determine the maximum drift distances at different wind 
speeds. The distances were calculated separately for the nosecone and fin sections of the rocket. The 
maximum drift was calculated for varying atmospheric conditions in order to determine adjustments 
necessary to control the descent of the different sections of the rocket. 

The total time spent airborne for each section was calculated by dividing the terminal velocities by the 
distances in each stage of the descent. The first stage of the descent took place before the sections 
separated and was described by a constant velocity of 82 feet per second from an altitude of 5,595 feet 
to 1,000 feet. Despite the fact that airbrakes will be deployed in order to achieve the target of 5,280 
feet, the higher altitude projected by OpenRocket was used in order to calculate the worst case scenario 
drift. The second stage for the fin section was to continue falling at 82 feet per second to 700 feet and 
then fall at 16.6 feet per second to the ground. The second stage for the forward airframe and nosecone 



 

 

45 | P a g e  

 

was to fall from 1,000 feet to the ground at 21.1 feet per second. The total time spent in the air was 
118.4 and 116.2 seconds for the forward airframe and fin section respectively. 

Once the total times were calculated for each section, the drift for wind speeds of 5, 10, 15, and 20 mile 
per hour winds were calculated. The wind speeds were converted to feet per second by multiplying each 
wind speed by 5,280/3,600, resulting in speeds of 7.3, 14.7, 22.0, and 29.3 feet per second. The 
maximum drift distances can be seen in Table 4 below with a corresponding visual of the distances in 
Figure 31. 

 
Table 4 Wind Drift Predictions 

Wind (mph) Forward Airframe (ft) Fin Section (ft) 

0 (blue) 0 0 

5 (green) 404 396 

10 (brown) 807 792 

15 (yellow) 1211 1188 

20 (red) 1614 1584 

 

Figure 31 Wind Drift Diagram 
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3.4. Interfaces and Integration 

3.4.1. Payload 

The payload will be placed at a set distance in front of the robot arm. The arm will be programmed to 
move the servos such that the gripper is in position to pick up the sample. Once the gripper has a hold of 
the sample, the arm will then move to a preset location to insert the sample into its container. The 
cradle of the payload section will be padded with polyurethane “Pick and Pluck” in order to secure the 
sample and to keep it protected during the launch. The foam will be shaped for the given design of the 
sample with enough restriction to hold the sample into place after being released by the arm. The arm 
will then be used to close the magnetized hatch door and secure the sample inside of the rocket. 

3.4.2. Internal Compartments and Subsystems 

The forward payload houses the forward avionics section. This section has two altimeters and a GPS unit 
attached to the back of the sled that holds the payload. This section is encompassed by two bulkheads. 
The rear avionics bay also houses two altimeters and a GPS unit to track the fin section after separation. 
There are 0.75 inch aircraft plywood bulkheads separating all the section that hold either avionics or a 
parachute. The motor section has it reinforced bulkhead that acts as a motor block to protect the 
vehicle from any failures that may occur during the propellant burn time. 

3.4.3. Launch Vehicle and Ground Station 

The launch vehicle will contain three transmitting devices that will be communicating with receivers on 
the ground. Two of those devices will be BigRedBee (BRB) 900 MHz GPS transmitters. These GPS units 
have provided the team reliable location information in the past and has allowed for quick recovery of 
the launch vehicle. The third device will be an Adafruit GPS that is connected to the Arduino MEGA that 
will be used to control the air brake system. A Digi XTend 900 MHz radio will relay telemetry data to the 
ground station. The XTend unit and GPS are untested and will be fairly experimental this year. The team 
will conduct experiments to ensure that this system reliably transmits data. Since the transmitters are 
on the same frequency the team will make sure that all transmitting devices are on separate channels. 
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Figure 32 BigRedBee Transmitter 

3.4.4. Launch Vehicle and AGSE 

All electrical subsystems aboard the AGSE are controlled by the same computer (Beaglebone Black or 
BBB) in order to maintain easy integration and a standard code base. The BBB can be programmed 
through any lab computer and subsystems are programmed using standard C libraries. All of the code 
used and developed will be backed up on Github. With the addition of contact switches on various 
components of the rocket to determine when processes have reached their finishing point, the contact 
switches would be depressed, and the process would stop. These systems would be useful with both the 
rocket raising mechanism as well as the igniter insertion. For the robotic arm, a more intensive system 
must be created to determine when it has picked up the payload and when it has placed it in the rocket 
an closes the door. 

3.5. Safety 

3.5.1. Launch Operation Procedures 

To ensure all hazards and accidents are avoided, the NC State HPRC will follow the published Tripoli Pre-
Flight Review Checklist: 

a. General 
i. Is this member known to the TAP reviewer? 
ii. Does this member have the appropriate Certification Level or will this be a 

Certification Flight? 
iii. Does the proposed launch site and date have the appropriate recovery area and 

launch set-up for this flight? 
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iv. Does the Prefect require TAP Review? 
b. Rocket Review 

i. General 
1. Are there attachments to the Pre-Flight Data Capture? 
2. Drawings: airframe; structures; payloads, etc. 
3. Schematics: avionics, ignition systems, payloads, etc. 
4. Performance calculations: Center of Pressure; Center of Gravity, motor 

type, altitude, velocity, etc. 
ii. Airframe 

1. Is the design generally suitable for the application? 
2. Is the airframe material suitable for this rocket? 
3. Is the fin material/attachment sound? 
4. Is the motor mount sound? 
5. Is the nosecone suitable? 
6. What are the most probable airframe faults and corrective actions? 
7. What are the safety implications of an airframe failure? 
8. Are there any design change recommendations? 

iii. Recovery System 
1. Is the recovery system attachment secure/suitable? 
2. Does the recovery system have sufficient capacity for a safe descent? 
3. What is the deployment system? 
4. What are the most probable deployment system faults and corrective 

actions? 
5. What are the safety implications of a recovery system failure? 
6. Are there any design change recommendations? 

iv. Avionics Description 
1. Commercial or unique design? 
2. What are the functions of the avionics components? 
3. Are the avionics appropriate to the application? 
4. Do the avionics have flight safety implications? 
5. Can the avionics and inhibits be accessible from outside the vehicle? 
6. Are there safeing/arming indicators? 
7. Are any of the systems redundant? 
8. What are the most probable avionics system faults and corrective 

actions? 
9. What are the safety implications of an avionics system failure? 
10. Are there any design change recommendations? 

v. Motor 
1. Is the motor suitable for the rocket? 
2. Is the motor Tripoli Certified? 
3. Is the motor ignition suitable? 
4. What are the most probable motor faults and corrective actions? 
5. What are the safety implications of a motor failure? 
6. Are there any design change recommendations? 

vi. Launcher 
1. Is the launcher suitable for the rocket? 
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2. Is the launch lug, or rail guide suitable for the rocket? 
3. What will the launch angle be? 
4. Are there any special launch control requirements? 
5. What are the most probable faults with the launcher? 
6. What are the safety implications of a launcher failure? 
7. Are there any design change recommendations? 

vii. Performance 
1. How were the performance calculations done? 
2. Were the calculations done manually? 
3. Are the algorithms used correct? 
4. Were the calculations accomplished correctly? 
5. Was a computer used? 
6. What is the source of the software? 
7. Is the software suitable for this rocket? 
8. Are there printouts? 
9. Should the calculations be independently run? 
10. What are the safety implications of poor performance data? 
11. Are there any changes or recommendations? 

viii. Operations 
1. Is there a pre-flight checklist? 
2. Which operations does it cover? 
3. Are each the operations sufficiently documented? 
4. Are hazardous operations flagged? 
5. What are the safety implications of poor checklists? 
6. Are there any changes or recommendations? 

c. AGSE Review 
i. General 

1. Are there attachments to the Pre-Flight Data Capture? 
2. Drawings: structures; payloads, etc. 
3. Schematics: electronics, payloads, etc. 
4. Performance calculations:  Center of Gravity, motor type, etc. 

ii. AGSE Structure 
1. Is the design generally suitable for the application? 
2. Is the material suitable for this rocket? 
3. Is the leg material/attachment sound? 
4. Are the Servo mounts sound? 
5. What are the most probable frame faults and corrective actions? 
6. What are the safety implications of a frame failure? 
7. Are there any design change recommendations? 

iii. Electronic Description 
1. Commercial or unique design? 
2. What are the functions of the electronics components? 
3. Are the electronics appropriate to the application? 
4. Can the electronics and inhibits be accessible from outside the vehicle? 
5. Are there safety/arming indicators? 
6. Are any of the systems redundant? 



 

 

50 | P a g e  

 

7. What are the most probable electronics system faults and corrective 
actions? 

8. What are the safety implications of an electronics system failure? 
9. Are there any design change recommendations? 

iv. Servo 
1. Is the Servo suitable for the AGSE? 
2. Is the Servo Tripoli Certified? 
3. Is the Servo ignition suitable? 
4. What are the most probable Servo faults and corrective actions? 
5. What are the safety implications of a Servo failure? 
6. Are there any design change recommendations? 

v. Performance 
1. How were the performance calculations done? 
2. Were the calculations done manually? 
3. Are the algorithms used correct? 
4. Were the calculations accomplished correctly? 
5. Was a computer used? 
6. What is the source of the software? 
7. Is the software suitable for this rocket? 
8. Are there printouts? 
9. Should the calculations be independently run? 
10. What are the safety implications of poor performance data? 
11. Are there any changes or recommendations? 

vi. Operations 
1. Is there a pre-flight checklist? 
2. Which operations does it cover? 
3. Are each the operations sufficiently documented? 
4. Are hazardous operations flagged? 
5. What are the safety implications of poor checklists? 
6. Are there any changes or recommendations? 

3.5.2. Safety Officer 

Adam Tokonitz 

Adam Tokonitz will act as the safety officer for the NC State 2015-2016 NASA Student Launch team. 
Adam has been an active High-Powered Rocketry Club member since 2014, and has sufficient 
experience in all aspects of rocketry safety, as well as general tool use safety. When present, he will 
oversee all activities conducted in the student fabrication lab as well as at the launch site. When 
unavailable, the responsibilities will be fulfilled by the highest ranking club officer present. Adam will 
also ensure new members undergo safety training before being allowed to use certain tools. 

 
The active safety officer will provide the proper safety measures to all NC State High-Powered Rocketry 
Club members and accompanying guests, the working environment, any construction, testing, and 
vehicle launches. These safety measures include, but are not limited to: providing a written safety 
manual that includes hazards, safety procedures, MSDS, and operator manuals; ensuring that all team 
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members read and comply with the manual; identifying and rectifying any violations of the manual; 
briefing the team on safety plans for different situations; creating a risk matrix for different possible 
hazards; overseeing testing to ensure that all testing is done in a safe manner; remaining active in the 
design and construction of the rocket to ensure adherence to safety plan; enforcing use of safety 
equipment during construction and testing (safety goggles, hearing protection, rubber gloves, etc.); 
ensuring proper storage and use of energetic materials; ensuring compliance with all local, state, and 
federal laws; ensuring the safety of all participants in outreach activities. 

 

3.5.3. Personnel Hazards 

While competing in the NASA Student Launch project, there are many hazards that team members have 
to consider in order to keep safety at the forefront. From the laboratory to the launch pad, there are 
possibly harmful tools, materials, and chemicals. Before using any of the power tools in the laboratory, 
the safety officer gives a demonstration on the correct procedure for to use the tools safety. The team 
members are then supervised until they are proficient on the lab tools. The correct personnel protective 
equipment (PPE) must also be worn by team members depending on the tools, materials, or chemicals 
they are working on. Team members must also follow the Material Safety and Data Sheets (MSDS, 
Appendix C) when handling any hazardous materials and chemicals. Table 5 and Table 6 contain a 
personnel safety matrix for construction and launch pad. Table 7 contains a safety matrix for 
environmental safety concerns. 
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Table 5 Construction Personnel Hazards 

Safety Concern Mitigation Confidence 

Drill Press All personnel in the lab 

space are notified before 

powering on the drill press. 

Safety glasses and earplugs 

are to be worn by persons 

operating the press. Precise 

set up of the drill press and 

retention of the material 

being drilled will ensure the 

press is operated smoothly 

and within operating limits. 

The drill press is a safe 

piece of machinery. Team 

members are trained on 

how to use the press safety 

and are supervised until 

proficient. Proper PPE will 

be worn at all times during 

operation. 

Band Saw All personnel in the lab 

space are notified before 

powering on the band saw. 

Safety glasses and earplugs 

are to be worn by persons 

operating the band saw. 

Saw calibration and setup 

are checked prior to use. 

Only select materials and 

thickness will be used on 

the band saw. 

Proper setup (tightness and 

alignment of band) is the 

most important part of safe 

operation of the band saw. 

Team members are trained 

on the band saw and 

supervised until proficient. 

Proper PPE will be worn at 

all times during operation.  

Belt Sander All personnel in the lab 

space are notified shortly 

before powering on the belt 

sander. Safety glasses and 

earplugs are to be worn by 

persons operating the belt 

sander.  

The belt sander will be 

checked for proper 

tightness before use. Proper 

PPE will be worn at all 

times during operation.  

Manual Mill For any items that need the 

manual mill, the team goes 

to the director of the 

Mechanical Engineering 

Shop. The director of the 

shop is a professional 

machinist hired by NC 

State. 

The shop director ensures 

the safety of his lab and 

helps teach those concerns 

to team members. All shop 

procedures are followed 

when the manual mill is 

used. 

Chop Saw For any items that need the 

chop saw, the team goes to 

the director of the 

Mechanical Engineering 

Shop. The director of the 

The shop director ensures 

the safety of his lab and 

helps teach those concerns 

to team members. All shop 

procedures are followed 
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shop is a professional 

machinist hired by NC 

State. 

when the chop saw is used. 

Black Powder Black powder is handled in 

an isolated location, 

premeasured, and placed 

into vials before taking it 

out to the launch site. The 

black powder is stored 

separately in a safe 

environment away from 

potential ignition sources.  

Black powder is one of the 

more dangerous substances 

handled by the club, so 

extreme caution is taken 

when handling. There is 

minimal chance for 

problems with black 

powder. 

Epoxy Epoxy is applied in 

ventilated areas. Persons 

using epoxy wear gloves 

and eye protection.  

Safety procedures and 

observers ensure epoxy is a 

minimal safety concern in 

the lab.  

Power Supply Power supplies are left 

unplugged when not in use. 

They are not used near 

water and cords are 

inspected for bare wires 

before use. Circuitry is 

checked prior to use to 

ensure they can handle the 

applied loads. 

Relatively low power uses 

with stringent safety 

requirements ensure proper 

use and safety when using 

electrical equipment. 

Soldering Iron Soldering irons are left 

unplugged when not in use. 

They are not used near 

water and cords are 

inspected for bare wires 

before use.  User ensures 

proper spacing during 

operation. 

Primary concerns with 

soldering irons focus around 

electrical safety and 

minimizes the 

misplacement of the heat 

source. Keeping these two 

risks in check ensures the 

safety of the equipment 

operation. 
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Table 6 Launch Personnel Hazards 

Safety Concern Mitigation Confidence 

Assembly of Rocket 

Motor 

The rocket motor is 

carefully carried from the 

car to the rocket assembly 

point. During assembly, all 

points specified by the 

manufacturer's instructions 

are followed step by step 

while our mentor, Alan, 

supervises. 

Assembling the rocket 

motor is a critical procedure 

to ensure the safety and 

success of the launch. 

Special attention to 

manufacturer as well as 

advisor’s instructions 

ensures the motor ignites 

and burns properly. 

Handling of Vehicle Two hands are used to 

transport each component 

when taking the rocket from 

the car to the assembling 

area. Electronics and blast 

caps are armed and filled 

shortly before launch. 

Cautious handling protects 

the rocket from falls that 

could damage components 

and harm the launch.  

Launch Vicinity Monitoring the location of 

everyone that is in 

attendance on the launch 

site and preventing them 

from getting to close will be 

a simple task by giving 

warnings prior to launch. 

Having set distances 

specified by launch officials 

mitigates this concern. 

Location Launches are only done at 

locations specified by the 

North Carolina Rocketry 

Association or NASA 

Student Launch. 

The team is confident in 

these organizations to 

choose proper locations for 

launches. 

 

 
  



 

 

55 | P a g e  

 

Table 7 Launch Environmental Hazards 

Safety Concern Hazard Mitigation 

Cloud Cover NAR Safety Codes prevent 

launch into cloudy 

conditions. 

Make sure to check the 

weather forecast before 

launching and have a 

backup launch day in case 

of inclement weather 

Rain, Snow or Hail NAR Safety Codes prevent 

launch into cloudy 

conditions. Wet conditions 

can damage electrical 

components on the rocket or 

the ASGE. Hail impacts can 

dent or damage the rocket 

and AGSE 

Make sure to check the 

weather forecast before 

launching and have a 

backup launch day in case 

of inclement weather. In 

case of precipitation bring a 

tarp to put over the rocket. 

In case of hail stow the 

rocket under a protective 

shelter like a picnic shelter 

or inside the trunk of a car. 

High Winds NAR Safety Codes prevent 

launch into winds greater 

than 20 miles per hour. For 

winds less than 20 miles per 

hour the rocket may drift 

into an inaccessible area 

Make sure to check the 

weather forecast before 

launching and have a 

backup launch day in case 

of inclement weather. If 

possible launch at a time 

during the day where there 

is the least amount of wind 

Bodies of Water The rocket can fall into the 

water and the electronics 

could be damaged. The 

rocket may fall into a deep 

body of water and cannot be 

recovered. 

Make sure to launch in an 

area free from rivers, ponds, 

large puddles and the ocean. 

If the rocket falls into a 

body of water remove it as 

quickly as possible and 

disconnect the batteries 

from the electronics. Make 

sure to test electronic 

components before using 

them again 

Cold Temperatures Cold temperatures cause the 

batteries to discharge more 

quickly and cause the 

fiberglass body tube and 

fiberglass nose cone to 

shrink 

Check to make sure the 

flight batteries and AGSE 

batteries are functional 

before launch. Check that 

the fiberglass body tube can 

still be separated by the 

black powder charge 
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High Humidity Black powder charges 

become moist and don’t 

ignite. Altimeters become 

uncalibrated in a high 

temperature high humidity 

atmosphere. 

Store black powder in a 

cool, dry environment, 

check the calibration of the 

altimeters before launch 

UV Exposure Adhesives on the rocket can 

weaken. The body tube may 

warps or electrical 

components on the AGSE 

may become damaged 

Limit the exposure of the 

rocket and AGSE to direct 

sunlight. Visually inspect 

the rocket and AGSE before 

launch 

Road, Concrete of Hard 

Surfaces 

Rocket is damaged because 

of an impact with a hard 

surface 

Make sure to launch in an 

area that has soft surfaces 

for the rocket to land on 

Trees or other Vegetation The parachute may become 

tangled in a tree or can be 

ripped while being retrieved 

from a tree. The rocket can 

get stuck in a tree or other 

piece of vegetation, or may 

become damaged from an 

impact with a tree. 

Make sure to launch in an 

area that is clear of trees or 

other objects that the rocket 

or parachute could impact 

Ground Support Crew Members of the ground 

crew may become injured 

by falling rocket parts or by 

being too close to the rocket 

at takeoff. 

Make sure that all crew 

members remain alert and 

vigilant during the duration 

of the rocket launch and 

recovery. All crew should 

maintain a safe distance 

from the rocket at launch. 

 

 

3.5.4. Failure Mode Effects and Criticality Analysis 

 
The FMECA Diagram Spreadsheet is located in Appendix B. 

 
NAR Environmental Regulations 
 
The NAR High Power Rocket Safety Code document addresses the following environmental regulations: 
 
Flight Safety. I will not launch my rocket at targets, into clouds, near airplanes, nor on trajectories that 
take it directly over the heads of spectators or beyond the boundaries of the launch site, and will not put 
any flammable or explosive payload in my rocket. I will not launch my rockets if wind speeds exceed 20 
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miles per hour. I will comply with Federal Aviation Administration airspace regulations when flying, and 
will ensure that my rocket will not exceed any applicable altitude limit in effect at that launch site.  
 
The team will fulfill this regulation by only launching at approved launch sites and with approved 
payloads. The team will comply with all FAA regulations and will not launch into winds greater than 20 
miles per hour. 
 
Launch Site. I will launch my rocket outdoors, in an open area where trees, power lines, buildings, and 
persons not involved in the launch do not present a hazard, and that is at least as large on its smallest 
dimension as one-half of the maximum altitude to which rockets are allowed to be flown at that site or 
1500 feet, whichever is greater. 
 
The team will fulfill this regulation by only launching at approved launch sites. 
 
Launcher Location. My launcher will be 1500 feet from any inhabited building or from any public 
highway on which traffic flow exceeds 10 vehicles per hour, not including traffic flow related to the 
launch. It will also be no closer than the appropriate Minimum Personnel Distance from the 
accompanying table from any boundary of the launch site. 
 
The team will fulfill this regulation by only launching at approved launch sites and by placing the 
accompanying table at least the Minimum Personnel Distance from the boundary of the launch site. 
 
Recovery System. I will use a recovery system such as a parachute in my rocket so that all parts of my 
rocket return safely and undamaged and can be flown again, and I will use only flame-resistant or 
fireproof recovery system wadding in my rocket. 
 
The team will fulfill this regulation by including two commercial parachutes in the rocket and by testing 
the rocket airframe to the expected impact loads. Only flame resistant wadding will be used in the 
rocket. 
 
Recovery Safety. I will not attempt to recover my rocket from power lines, tall trees, or other dangerous 
places, fly it under conditions where it is likely to recover in spectator areas or outside the launch site, 
nor attempt to catch it as it approaches the ground. 
 
The team will fulfill this regulation by only flying at approved launch sites where there are no power 
lines, tall trees or dangerous places to have to retrieve the rocket from. No one will attempt to catch the 
rocket as it approaches the ground. 
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4. AGSE Criteria 

4.1. Selection, Design, and Verification of Payload 

4.1.1. System Level Requirements 

The following was taken from the NASA SL 2016 Handbook and from the SL Task 2 Handout for its 
comprehensive and complete descriptions: 

4.1.1.1. MAV Project – Competition and AGSE Requirements 
4.1.1.1.1. The MAV Project will provide each team with the opportunity to develop a 

unique method to capture, contain, and launch a payload with limited human 
intervention. In addition, teams will develop a launch system that erects a 
rocket from a horizontal to vertical position, and has its igniter autonomously 
installed. The AGSE will be demonstrated at LRR and will follow this general 
procedure. Requirements …-… shall be conducted autonomously from start to 
finish within a 10 minute time limit. The only allowed human interaction is the 
activation of the master switch. 

4.1.1.1.1.1. Teams will position their launch vehicle horizontally on the AGSE 
4.1.1.1.1.2. A master switch will be activated to power on all autonomous 

procedures and subroutines. 
4.1.1.1.1.3. All AGSEs will be equipped with a pause switch in the event that a judge 

needs the AGSE to be temporarily halted for any reason. The pause 
switch halts all AGSE procedures and subroutines. One the pause switch 
is deactivated the AGSE resumes operation 

4.1.1.1.1.4. Once the judge signals “START”, the AGSE will begin its autonomous 
functions in the following order: 1) capture and containment of the 
payload; 2) erection of the launch platform from horizontal to 5.0 
degrees off vertical (85.0 degrees), 3) insertion of the motor igniter. The 
judge may re-enable the pause switch at any time at his/her discretion. 
If the pause switch is re-enabled all systems and actions shall cease 
immediately. The judge will only do this if there is a question about safe 
operation of the AGSE. The judge and team leader will discuss and 
decide if the team will be allowed to continue their attempt. No 
modifications to the hardware or software will be allowed prior to a 
rerun. 

4.1.1.2. The Autonomous Ground Support Equipment (AGSE) 
4.1.1.2.1. For the purpose of this challenge, the ASGE is defined as all mechanical 

and electrical components not part of the launch vehicle, and is 
provided by the teams. This includes, but is not limited to, the payload 
containment and igniter installation devices, computers, electric 
motors, batteries, etc. 

4.1.1.2.2. All AGSE systems shall be fully autonomous. The only human interaction 
will be if the judge pauses the AGSE. 

4.1.1.2.3. The AGSE shall be limited to a weight of 150 pounds or less and volume 
of 12 feet in height x 12 feet in length x 10 feet in width. 

4.1.1.3. Prohibited Technology for AGSE 



 

 

59 | P a g e  

 

4.1.1.3.1. As one of the goals of this competition is to develop equipment, 
processes, and technologies that could be implemented in a Martian 
environment, the AGSE and any related technology cannot employ 
processes that would not work in such environments. Therefore, 
prohibited technologies include: 

4.1.1.3.2. Sensors that rely on Earth’s magnetic field 
4.1.1.3.3. Ultrasonic or other sound-based sensors 
4.1.1.3.4. Earth-based or Earth orbit-based radio aids 
4.1.1.3.5. Open circuit pneumatics 
4.1.1.3.6. Air breathing systems 

4.1.1.4. Payload 
4.1.1.4.1. Each launch vehicle must have the space to contain a cylindrical payload 

approximately 3/4 inch inner diameter and 4.75 inches in length. The 
payload will be made of ¾ x 3 inch Schedule 40 PVC tubing filled 
primarily with sand and may include BBs, weighing approximately 4 
ounces and capped with domed PVC end caps. Each launch vehicle must 
be able to seal the payload containment area autonomously prior to 
launch. 

4.1.1.4.2. A diagram of the payload and a sample payload will be provided to each 
team at time of acceptance into the competition. In addition, Teams 
may construct practice payloads according to the above specifications; 
however, each team will be required to use a regulation payload 
provided to them on launch day. 

4.1.1.4.3. The payload will not contain any hooks or other means to grab it. 
4.1.1.4.4. The payload shall be placed a minimum of 12 inches away from the 

AGSE and outer mold line of the launch vehicle in the launch area for 
insertion, when placed in the horizontal position on the AGSE and will 
be at the discretion of the team as long as it meets the minimum 
placement requirements. 

4.1.1.4.5. Gravity-assist shall not be used to place the payload within the rocket. If 
this method is used no points shall be given for payload insertion. 

4.1.1.4.6. Each team will be given 10 minutes to autonomously capture, place, and 
seal the payload within their rocket, and erect the rocket to a vertical 
launch position five degrees off vertical. Insertion of igniter and 
activation for launch are also included in this time. Going over time will 
result in the team’s disqualification from the MAV Project competition. 

4.1.1.5. Safety and AGSE Control 

4.1.1.5.1. Each team must provide the following switches and indicators for their 
AGSE. 

4.1.1.5.1.1. A master switch to power all parts of the AGSE. The switch must 
be easily accessible and hardwired to the AGSE. 

4.1.1.5.1.2. A pause switch to temporarily terminate all actions performed 
by AGSE. The switch must be easily accessible and hardwired to 
the AGSE. 
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4.1.1.5.1.3. A safety light that indicates that the AGSE power is turned on. 
The light must be amber/orange in color. It will flash at a 
frequency of 1 Hz when the AGSE is powered on, and will be 
solid in color when the AGSE is paused while power is still 
supplied 

4.1.1.5.1.4. An all systems go light to verify all systems have passed safety 
verifications and the rocket system is ready to launch. 

4.1.2. Subsystem Requirements 

4.1.2.1. Sample Retrieval 

The sample will be retrieved using a six degree of freedom robotic arm. Four degrees of freedom are 
provided by the arm itself and two degrees by the mechanical gripper placed on the end of the arm to 
pick up the sample. The arm will be built using a RobotShop M100RAK V2 Modular Robotic Arm Kit as a 
base, however based on previous experience with this arm the standard HS-785HB Winch Servo Motors 
are being replaced with HS-7950TH Servos to provide better control and speed. The mechanical gripper 
will be made from a Lynxmotion Little Grip Kit. The kit includes two HS-422 servos that can act to rotate 
and close the grip. A depiction of the arm and gripper is shown in Figure 33. As per the manufacturer’s 
specifications each joint on the arm has 180 degrees of possible rotation and the gripper can rotate 180 
degrees about its axis. The gripper can open to 1.3 inches which is large enough to fit around the 
diameter of the sample. The arm has a gear ratio of 5:1 and has a maximum reach of 24 inches not 
including the gripper. Each servo on the arm has a stall torque of 486 ounce-inches, which should be 
more than sufficient to raise the arm and payload. 

 
Figure 33 Robotic Arm and Gripper 
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The sample will be placed at a set location at least 12 inches from the AGSE. The arm will be 
programmed such that it will reach the sample and position the gripper around the sample before 
closing the gripper head to secure the sample in the gripper. The arm will then place the sample into the 
“Pick and Pluck” polyurethane foam cradle in the payload bay. After the sample is in the bay, the arm 
will retract and push the payload door closed until the magnets connect to seal the rocket. 

4.1.2.2. Rocket Erection 

The rocket and the launch rail will be erected using a gear-driven system. This system will consist of a 
sector-shaped gear with an angle of 120 degrees fixed to rotate with the launch rail, a smaller driving 
gear, and a planetary gearbox stepper motor. The sector-shaped driven gear will have a radius of 7.5 
inches while the intermeshed driving gear will have a radius of 1 inch giving a gear ratio of 7.5:1. Both of 
the gears will be made of 3/8 inch thick steel to prevent gear slipping or warping. Specifications for the 
planetary stepper motor are included in Table 8 below. The stepper motor was chosen over a regular 
electric motor for its ability to rotate discrete angular steps. For a pre-determined number of pulses, the 
stepper motor can be commanded to rotate the driven gear and the launch rail to the desired 85 degree 
angle. 

To calculate the required holding torque of the stepper motor, the moments from the weight of the 
rocket, the launch rail, and the large driven gear were summed about the pivot point of the launch rail. 
The weight of the rocket was overestimated to be 30 pounds to account for any possible increases in 
vehicle weight; the weight of the launch rail was taken to be about 10 pounds; the weight of the driven 
gear was calculated with the steel density of 490.06 lb/ft3 to be about 6.25 pounds. Dividing the 
resulting moment by the gear ratio or 7.5:1 yielded a required holding torque of 18.7. The maximum 
holding torque of the planetary gearbox stepper motor is 29.5 ft-lb, giving the system a factor of safety 
over 1.5. For the required 85 degree angular rotation of the launch rail and the given gear ratios, it was 
determined that the stepper motor would need to undergo about 110 rotations (~22,000 steps). The 
stepper motor will be commanded by the BeagleBone Black through the stepper motor driver. 

There will be a ratchet welded to each of the pillar blocks that support the launch rail at the pivot point. 
These ratchets will be mounted axially with the pivot point and prevent the launch rail from falling in the 
event of motor failure or loss of power. Current mass distribution indicates that 160 foot-pounds of 
torque will be necessary to accomplish this. Tests will be conducted to verify that the ratchets can hold 
that much torque without breaking. The switches on the ratchets can reverse the direction of the 
ratchets to allow the rail to be raised and lowered back into the horizontal position. There will be a 
support pillar at the forward end of the AGSE on which the launch rail will rest when in the horizontal 
position to avoid unnecessary strain on the motor and ratchets. 
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Table 8 Launch Rail Raising System Stepper Motor Specs 

Manufacturer Part Number 23HS22-2804S-PG47 

Motor Type Bipolar Stepper 

Gearbox Output Step Angle 0.0386 deg. 

Gearbox Output Holding Torque 29.5 ft-lb 

Gear Ratio 46.656:1 

Gearbox Mech. Efficiency 73% 

Rated Current/phase 2.8 A 

Recommended Voltage 24-48 V 

 

4.1.2.3. Igniter Insertion 

To insert the igniter, the linear actuator system in Figure 34 will be used. The 17HS15-0404S stepper 
motor, shown in Figure 35, will be attached to a threaded rod via a small coupler. The rod will thread 
through a plate that is prevented from rotating by the two parallel guides.  Attached to the nut will be a 
dowel holding the igniter. As the stepper motor turns, the plate/dowel assembly moves upwards, 
inserting the igniter into the base of the rocket. 

 
Figure 34 Igniter Insertion System 



 

 

63 | P a g e  

 

 
Figure 35 17HS15-040S Motor Used to Insert the Igniter 

4.1.3. Performance Characteristics of System and Subsystems 

A successful AGSE system will autonomously grab the sample, place the sample in the rocket, seal the 
rocket, raise the rocket, and insert the igniter. The BeagleBone Black will handle the sequencing of the 
tasks and schedule tasks based on which tasks have been completed. 

4.1.4. Verification Plan 

The team will complete a number of experiments to confirm that the AGSE can complete all of the tasks 
required for mission success. 

For testing the motor and the gears of the erection system launch rail, different sized sectional gears will 
be tested in the system to see which best fits the needs of the team. A higher gear ratio provides a 
higher holding torque for the motor, but it is also slower to erect. The different sizes will be tested to 
see which size sectional gear provides the holding torque that is needed while also erecting the launch 
rail in a reasonable time. The calculations indicate that a 7.5:1 gear ratio would be optimal to have a 
safety factor of slightly greater than 1.5 

4.1.5. Integration Plan 

 
Figure 36 provides some details into the flow of the AGSE system. The BeagleBone will be central to the 
monitoring, scheduling, and control of the system. To monitor the progress of the system, the 
BeagleBone will interface with a system of software flags that monitor and relay task completeness. The 
key tasks to be verified by these flags will be grabbing the sample, placing the sample in the rocket 
clamp, closing the door of the rocket, verifying the rocket was erected to the correct position, and 
verifying the igniter is in the correct position. The BeagleBone can schedule and control procedures for 
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the next task. The completion of each task will also be electronically stored on the BeagleBone so the 
system knows where to resume in case of a power failure. 

Main Task  
 Beagle Control  
 Power on a System  
 Power off a System  
 

 
 

 

Start System 

 

 
 Verify all sensors are connected 

 
 

 

 

Grab the sample 

 

 
 Power on arm 

 
 Arm startup program 

 
 Find sample 

 
 

 

 

Insert sample in 
clamps 

 

 
 Move sample to compartment on rocket with arm 

 
 Push sample into foam of rocket.  

 
 Release hand. 

 
 Close rocket door with arm. 

 
 Move arm to preset location out of rocket path.  

 
 Power off arm 

 
 

 

 

Raise the rocket 

 

 
 Power on step motor 

 
 Run step motor 

 
 Power off step motor 
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Figure 36 AGSE System Flow 

4.1.6. Assembly Drawing 

 
Figure 37 AGSE Assembly Model 

4.1.7. Electrical Schematics 

The AGSE will be controlled by one central computer which will use a series of controllers to 
manage all the subsystems. The team will be using a Beaglebone Black (BBB) as our central 
computer. It has 512 MB of RAM, 1.2 GHz Processor, and 36 GB of flash memory which should be 
sufficient for any computations needed to achieve the desired tasks. The team will be using an SSC-
32U servo controller to control all the servos on the robotic arm. The arm will be used to pick up 
the sample and load it into the rocket. Stepper motor controllers will be used to control the motors 
used for erecting the rocket and inserting the igniter. The schematic below shows the relationship 
between the BBB and all other subsystems that interact with it. 

 

Insert the igniter 

Power on igniter stepper motor 

 
 Operate igniter motor until igniter is inside rocket motor 

 

 

 Trigger igniter insertion switch when igniter at desired 
position 

 
 Power off igniter motor 

 
 

 

 
 

 

 

System ready to 
launch  
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Figure 38 AGSE Electronics Circuit Diagram 

The system will include both a master power switch (to supply and take away power for all systems of 
the AGSE), and a pause switch to pause all AGSE routines during system execution. A series of voltage 
regulators (Voltage Regulator Box) will be used to supply the correct voltages to all the subsystems. The 
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team will be using C and the POSIX API to program the AGSE system. Light indicators will be used to 
indicate when the system is paused or un-paused. 

 

4.2. Payload Concept Features and Definition 

4.2.1. Uniqueness 

This AGSE design differs from others the team has seen in several aspects. First is the shape of the AGSE 
frame. In order to decrease the volume and weight while maintaining ease of assembly, the shape of the 
AGSE is a T. The AGSE is also utilizing a tripod leg design which will severely decrease the possibility of 
tipping as three points always form a plane. The feet of the AGSE also have terrain-gripping spikes 
protruding from the bottoms to decrease the chance of tipping in high winds or shifting as the thrust of 
the rocket taking off acts on it. Airbrakes are a new challenge that NC State has never attempted before. 

4.2.2. Level of Challenge 

The level of difficulty is high, as the team is attempting to retrieve the payload with an arm with five 
degrees of freedom. Because of how much the reach varies on the arm, programming and testing will be 
more difficult than it would if a simpler design were used, such as a crane.  

The team is also attempting to cut the weight of the AGSE as much as possible, which can lead to many 
problems on its own. While the team is reusing igniter insertion device and rocket raising system, it is 
still devising a new AGSE with new devices and ideas that bring the level of difficulty up. 

4.3. Science Value 

The requirements of the MAV challenge are meant to simulate the conditions on the Martian surface. 
Therefore all of the systems and subsystems must be designed to work under constraints specified 
below in section 4.3.2. This is to ensure that the individual components and concepts used in our design 
could be scaled up to be used in an actual Mars mission. The sections that follow describe how each 
system contributes to the advancement of aerospace engineering. 

4.3.1. AGSE Objectives 

The objective of the AGSE is to: 

 Retrieve a sample placed on the ground using the robotic arm 

 Load it into a horizontally sitting rocket using the robotic arm 

 Erect the rocket into launch position (85o) 

 Insert an igniter into the motor  

4.3.2. AGSE Constraints 

 The AGSE will not use instruments/sensors that require the use of sound/air, pressure, gravity, 
magnetic fields, GPS/satellite, radio assistance and pneumatics 

 The AGSE will weigh less than 150 pounds 

 The AGSE will have a volume less than 12 feet high x 12 feet length x 10 feet width 
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 The AGSE will be fully autonomous (with the exception of a pause switch) 

 The AGSE will be fully electric (Powered by Lithium-Polymer Batteries) 

4.3.3. Payload Success Criteria 

The AGSE will be successful if it can capture, load, and retain the sample within the specified constraints. 
After these tasks have been completed, the vehicle will then be erected for launch. Success for the AGSE 
will only be obtained if these tasks are completed. Success with the AGSE will prove the viability of the 
system as a whole to be implemented in other tasks, such as missions to Mars. 

4.3.4. Experimental Logic, Approach, and Method of Investigation 

All of the experiments described above are physical tasks that will need to be completed by the team. By 
testing each of the crucial subsystems (arm movement, erection, insertion), overall success of the 
project can be ensured. It is important that all modes of failure are analyzed to account for any means of 
failure. Therefore, each test will be performed several times in order to collect sufficient data and prove 
the repeatability of the processes. It is important that viable data be obtained from each experiment so 
that the real system will work correctly. As such, each experiment will be approached as if the test were 
for the actual competition. Improper testing would lead to inaccurate data and failure of the mission, 
detracting from the scientific value of the project. 

4.3.5. Test and Measurement, Variables, and Controls 

The data will be collected using accurate measurements, such as with digital calipers and a gram scale. 
As described above, the variables to be tested are the amounts of black powder needed, the accuracy of 
the robotic arm, and the force load of the motors erecting the rocket. Since all of the tests are 
experimental in nature and are rated on a success/failure scale, control tests cannot be used to establish 
the baseline for the experiments. 

4.3.6. Relevance of Expected Data 

The data collected during the experiments will show if the current plan will work. The data is critical to 
the success of the project, and is thus relevant to the tasks at hand. 

4.3.7. Preliminary Experiment Process Procedure 

As described above in section 3.1.6., the experiments were carefully conducted so that accurate results 
could be obtained. Careful experimentation preserves the scientific value of the experiments and keeps 
the results indicative of the project. Each experiment followed the general guidelines of any scientific 
study; a problem was present that needed to be investigated or solved. Next, an experiment was formed 
that tested possible solutions to the problem or provide more insight into the issue. The experiments 
were designed to account for any issues that might arise and to test the capabilities of the design. The 
experiments were then carefully conducted so as to not corrupt the results and to preserve their 
legitimacy. The results were then analyzed to make sure that the initial requirements were met and that 
the data received was accurate. This process of experimentation is valid for any scientific study, and thus 
the experimental process procedures have scientific value. 
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5. Project Plan 

5.1. Budget Plan 
Table 9 Budget 

Category Supplier Item Amount Total Price 

AGSE Digi-Key BeagleBone Black 1 $45 

  Stepperonline Leadshine M542 Stepper Motor Driver 1 $40 

  Stepperonline Nema 17 Bipolar Stepper 1 $10 

  Stepperonline Nema 23 Geared Stepper Motor 1 $60 

  RadioShack 5mm-5mm Couplers 1 $5 

  RAdioShack USB Extension Cable 1 $2 

  RadioShack USB Hub 1 $7 

  Thunder Power Thunder Power 37 V Battery 1 $268 

  RadioShack 12 V Step Down to 5V Power Module 1 $10 

  RadioShack 2.1 mm Coax Power Plug 1 $5 

  RadioShack 48V Step Down to 24V Power Module 1 $24 

  RadioShack 12V Step Down to 6V Power Module 1 $10 

  Thunder Power Thunder Power 12V Battery 1 $100 

  Digi-Key Xtend Radio Units 2 $600 

  Metals Depot 3/8" A573 Steel Plate 2 sq ft $48 

  80/20 1515 Aluminum Railing 45 ft $215 

  80/20 1010 Aluminum Railing 8 ft $15 

  80/20 5/16-18 T-nut 200 $96 

  80/20 1/4-20 T-nut 50 $19 

  Lynxmotion Lynxmotion Servo Controller 1 $45 

  Lynxmotion HS-7950TH Servo 3 $416 

  RobotShop M100RAK V2 Modular Robotic Arm 1 $600 

  RobotShop Gripper for Robotic Arm 1 $40 

  RadioShack 22 Gage Servo Connector Wire 100 ft $32 

  Digi-Key Molex lockable connectors and pins 50 $40 

  -- Misc. Hardware -- $100 

  Home Depot 1/8" Balsa Wood Dowel 1 $1 

  Electronics-Salon Crystal Oscillator 2 $25 

  Home Depot Threaded Rods 3 ft $21 

  OnlineMetals Delrin Sheet 12"x12"x1/4" 1 $25 

  Sears Ratchet Wrench 2 $40 

   AGSE Subtotal   $2,964 
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Category  Item Amount Total Price 

Vehicle Apogee 38mm Retainer 1 $27 

  Apogee 1010 Rail Buttons 1 $3 

  Rocketry Warehouse 4" Diameter Nosecone 1 $65 

  Rocketry Warehouse 4" Fiberglass Tubing 7 ft $158 

  Rocketry Warehouse 4" Fiberglass Coupler 2 $46 

  Rocketry Warehouse 38mm Fiberglass Tubing 12 in $14 

  Rocketry Warehouse 5.5" Diameter Nosecone 1 $115 

  Rocketry Warehouse 5.5" Fiberglass Coupler 2 $110 

  Rocketry Warehouse 5.5" Fiberglass Tubing 8 ft $304 

  Apogee 75mm Retainer 1 $47 

  West Marine Epoxy and Hardener 1 $50 

  Askew Taylor Aircraft Birch Plywood (1/8"x1'x2') 10 $63 

  Apogee 1515 Rail Buttons 1 $5 

  Apogee Entacore AIM 3.0 Altimeters 2 $200 

  Apogee Stratologger Altimeters 2 $160 

  Home Depot Paint -- $30 

  BigRedBee GPS Bee 3 $95 

  RadioShack Wires -- $30 

  Fruity Chutes Kevlar Shock Cord 60 ft $125 

  Fruity Chutes 18" Elliptic Parachute 1 $58 

  Fruity Chutes 48" Elliptic Parachute 1 $119 

  Fruity Chutes 72" Elliptic Parachute 1 $171 

  Bass Pro Shop Black Powder 1 lb $20 

  RATTworks RATTworks ARRD 1 $95 

  mentor Igniters 5 $10 

  mentor E-matches 20 $25 

  Rocketry Warehouse 3" Fiberglass Tubing 24 in $40 

  mentor 75mm Motor Casing 1 $100 

  mentor 38mm Motor Casing 1 $65 

  ULINE Pick and Pack Foam 2 $40 

  BuyRocketMotors L1150R Motor 2 $320 

  Firgelli Firgelli P16-50-22-12-P Linear Actuator 1 $90 

  Firgelli Linear Actuator Control Board 1 $20 

   Vehicle Subtotal 
 

$2,820 
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 Category  Item Amount Total Price 

Other  Travel Expenses (hotel, rental car, gas) 12 people $3,000 

  
 Incidentals (replacement tools, hardware, 

safety equipment -- $1,000 

   Shipping Costs -- $750 

   Other Subtotal 
 

$4,750 

     
 

  

Total      $10,534 

         

Total of 
Final 
Product 
(Full Scale 
Rocket, 
AGSE) 

 

    $5,115 

 

5.2. Funding Plan 

The original budget for the 2015-2016 year was largely based off of the NASA SL requirements from the 
previous year and previous awards from various sources. The current budget is a more refined version of 
the original budget, with more specific information on what funds the team will receive from our 
student organizations as well as more specific line items. The total budget is currently $10,506 which 
includes the full scale competition rocket, AGSE, sub scale rocket and estimated travel expenses. The 
total amount that can be spent on the full scale competition rocket and AGSE is $7,500.  

Funding requests from the Engineering Council at NC State and the Student Government at NC State 
have been processed. The Engineering Council has granted the club $2500 of the $4,500 that was 
requested. The Student Government denied the request for funding from the club. Funding from the 
Engineering Technology Fee Fund from the Mechanical and Aerospace Engineering Department and 
from Space Grant have not yet been processed. This leaves a possible $2000 from the Engineering 
Technology Fee Fund and $7000 from the NC Space Grant that has yet to be received. 

Table 10 Summary of Project Funding 

Funding Source Amount Requested Amount Received 

NC State Engineering Council  

Fall 2015 

Spring 2016 

 

$4500 

$4500 

 

$2500 

$0 

Engineering Technology Fee Fund $2000 $2000 

North Carolina Space Grant $7000 $0 
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Total $20,000 $4500 

5.3. Timeline 
Table 11 Timeline 

Event/Task  Start Date  Finish Date  

PDR Team Teleconference 11/17/2015  11/17/2015  

Critical Design Review (CDR) Writing  11/7/2015  12/15/2015  

Design Subscale Rocket 10/15/2015 10/20/2015 

Order Parts for Subscale 10/20/2015 10/25/2015 

Construct Subscale 11/5/2015 11/17/2015 

Subscale Ground Testing 11/19/2015 11/19/2015 

Subscale Launch  11/21/2015  11/21/2015  

Backup Subscale Launch Day 11/22/2015 11/22/2015 

NCSU Winter Break (no building access)  12/17/2015  1/5/2016  

CDR Writing  11/12/2015  1/15/2016  

Completed CDR Submission  1/15/2016  1/15/2016  

CDR Team Teleconference (Tentative)  1/19/2016  1/29/2016  

Flight Readiness Review (FRR) Writing  1/16/2016  3/14/2016  

Order Full Scale Rocket Parts 1/7/2016 1/14/2016 

Construct Full Scale Rocket 1/21/2016 2/5/2016 

Full Scale Ground Testing 2/11/2016 2/11/2016 

Order AGSE Parts 11/16/2015 1/15/2016 

Full scale Launch (Tentative)  2/1/2016  2/29/2016  

Completed FRR Submission  3/14/2016  3/14/2016  

FRR Team Teleconference (Tentative)  3/17/2016  3/30/2016  

Team Travel to Huntsville, Alabama  4/13/2016  4/13/2016  

Launch Readiness Review (LRR)  4/13/2016  4/14/2016  

NASA Safety Briefing  4/14/2016  4/14/2016  

Rocket Fair and Tours of MSFC  4/15/2016  4/15/2016  

Launch Day  4/16/2016  4/16/2016  

Backup Launch Day  4/17/2016  4/17/2016  

Post-Launch Assessment Review  4/29/2016  4/29/2016  

Winning Team Announced by NASA  5/11/2016  5/11/2016  
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5.4. Educational Engagement Plan and Status 

STEM Career Fair for Students with Disabilities 

Andrew and John from the High-Powered Rocketry Club went to the North Carolina Museum of Natural 
Sciences to speak to students with physical and learning disabilities about rocketry and aerospace 
engineering in general. The members brought several of the past years’ rockets to show and explained 
about the competition. 

Location: North Carolina Museum of Sciences, Raleigh NC 27601 

Friday October 9th 11am to 2pm 

Thales Academy Rocket Unit Kick-Off 

A couple of members from the High Powered Rocketry Club will be going out to two Thales Academy 
high schools in Rolesville and Apex later this autumn. The members will discuss rocketry and basic 
aerospace engineering concepts such as thrust, drag, stability, and recovery systems. After this, the 
members will have the students design and build water bottle rockets while offering up any assistance 
that teams need for the design or build. The specifics of time and date will be determined with the 
Thales Academy Director of Development. 

Locations: Thales Academy 1201 Granite Falls Blvd, Rolesville, NC 2757 

Thales Academy 1177 Ambergate Station, Apex, NC 27502 

Time: TBD 

YMCA Kite and Rocket Day 

The High Powered Rocketry Club is planning on continuing the tradition of being a part of the YMCA Kite 
and Rocket Day in the spring of 2016. The Club plans to set up an informational booth at Carter Finley 
Stadium to assist young rocketeers with assembling and launching model rockets. Last year’s event had 
over 200 kids attend the Kit and Rocket Day and the team expects many more this year. The details will 
be available as the event gets closer in the spring. 

Location: Carter Finley Stadium, 4600 Trinity Rd. Raleigh, NC 27607 

Time: TBD 

Sigma Gamma Tau Boy Scout Merit Badge Event 

The club is also planning on partnering with NC State's chapter of Sigma Gamma Tau to host their annual 
Boy Scout Merit Badge Event in the spring of 2016. On the morning of this event, the club launches a 
model rocket for the enjoyment of the Boy Scouts and their families. Sigma Gamma Tau then gives a 
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presentation for those attending before the Space Exploration badges are awarded. This even takes 
place on NC State's campus and involves around 30-40 Boy Scouts and their families. The details of this 
event will be finalized in spring 2016. 

Location: NC State's campus, Raleigh, NC 27695 

Time: TBD 

6. Conclusion 

With the conclusion of the PDR, the NC State Rocketry Team, Tacho Lycos, will move ahead with the 
fabrication of the subscale launch vehicle. During this time, multiple experiments will be in progress as 
parts and materials are ordered for the full scale rocket and AGSE systems. The experiments will be used 
to ensure the components function properly on their own and that data is able to be successfully 
acquired. 
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Appendix A Milestone Review Flysheet 

Milestone Review Flysheet 

 
Institution North Carolina State University 

 

Milestone PDR 

           Vehicle Properties 

 

Motor Properties 

Total Length (in) 100 

 

Motor Manufacturer Aerotech 

Diameter (in) 5.5 

 

Motor Designation L1150R 

Gross Lift Off Weigh (lb) 29.04 

 

Max/Average Thrust (lb) 302.6 / 258.3 

Airframe Material Fiberglass 

 

Total Impulse (lbf-s) 790.6 

Fin Material Birch Aircraft Plywood 

 

Mass Before/After Burn (lb) 8.10  /  3.91 

Drag Coefficient 0.6 

 

Liftoff Thrust (lb) 218.3 

           Stability Analysis 

 

Ascent Analysis 

Center of Pressure (in from nose) 74.541 

 

Maximum Veloxity (ft/s) 750 

Center of Gravity (in from nose) 62.989 

 

Maximum Mach Number 0.674 

Static Stability Margin 2.09 

 

Maximum Acceleration (ft/s^2) 302 

Static Stability Margin (off launch rail) 1.32 

 

Target Apogee (From Simulations) 5704 

Thrust-to-Weight Ratio 8.895 : 1 

 

Stable Velocity (ft/s) 44 

Rail Size and Length (in) 1.5 x 1.5 x 96 

 

Distance to Stable Velocity (ft) 3.71 

Rail Exit Velocity 54.1 

      

           Recovery System Properties 

 
Recovery System Properties 

Dogue Parachute 

 
Main Parachute 

Manufacturer/Model 
  

Fruitychutes  

 

Manufacturer/Model 
Fruitychutes  

  

Size 1.5 ft 

 

Size 4’/6’  

Altitude at Deployment (ft) 
  

5,280  

 

Altitude at Deployment (ft) 1000/700  

Velocity at Deployment (ft/s) 3 

 

Velocity at Deployment (ft/s) 88/ 80 

Terminal Velocity (ft/s) 82 

 

Terminal Velocity (ft/s)  21.1/16.6 

Recovery Harness Material 
  

 Kevlar 

 

Recovery Harness Material Kevlar  

Harness Size/Thickness (in) 1/2 

 

Harness Size/Thickness (in)  ½ 

Recovery Harness Length (ft)  25 

 
Recovery Harness Length (ft) 16/16  

Harness/Airframe Interfaces    Harness/Airframe Interfaces 
 

  Kinetic Enerfy Section 1 Section 2  Section 3  Section 4 

 

Kinetic Section 1 Section 2  Section 3  Section 4 
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of Each 
Section (Ft-lbs) 

         

Energy of 
Each 

Section 
(Ft-lbs) 

        

 

           Recovery Electronics 

 

Recovery Electronics 

Altimeter(s)/Timer(s) 
(Make/Model) 

  
Stratologger CF   

Rocket Locators 
(Make/Model) Digi Xbee-Pro XSC  

 

Redundancy Plan 

 Apogee charge with 1 s delay. 
Main redundant 1 s delay. Each 
redundant charge 0.2 g larger 

than primary 

 
Transmitting Frequencies ***Required by CDR*** 

 

 
Black Powder Mass Drogue 

Chute (grams) 1.8 
 Pad Stay Time (Launch 

Configuration)  1 hour  
Black Powder Mass Main 

Chute (grams) 
  

2.3 forward, 2.1 aft  
 

Milestone Review Flysheet 

           Institution North Carolina State University 
 

Milestone PDR 

           Autonomous Ground Support Equipment (MAV Teams Only) 

Capture 
Mechanism 

Overview 

A crafted robotic arm based on a previously purchased robotic arm will carry out its preprogrammed set location software to grapple the 
sample.  

Container 
Mechanism 

Overview 

 A carefully crafted “Pick and Pluck” foam mold attached to the avionics sled bay in the payload compartment will secure the sample.  

Launch Rail 
Mechanism 

Overview 

The launch rail will be raised by a geared stepper motor. While being raised, the rail will be supported by a double ratchet system in case of a 
loss of power. The MAV challenge sample. The payload will be made of .75 x 3 inch PVC tubing filled with sand and weigh approximately 4 oz. 
The payload will be a cylindrical shape with a .75 inch diameter and a 4.75 in length. Ends of the tubing will be secured with domed PVC caps. 

Igniter 
Installation 
Mechanism 

Overview 

Stepper Motor powered linear actuator will raise the electric match igniter into the rocket on a wooden dowel.  

           Payload 

Payload 1 
Overview 

The MAV challenge sample. The payload will be made of .75 x 3 inch PVC tubing filled with sand and weigh approximately 4 oz. The payload 
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will be a cylindrical shape with a .75 inch diameter and a 4.75 in length. Ends of the tubing will be secured with domed PVC caps.  

Payload 2 

Overview 

  

           Test Plans, Status, and Results 

Ejection 
Charge Tests 

Ejection charged will be sized specific to the compartment to be separated. Charges will be constructed with black powder in a plasic vile with 
an E-match secured in the vile by wadding. Each altimeter will be connected through a USB port to a laptop with the Perfectflite DataCap 

program. Charge ignition for main and drogue charges are capable of being separately fired at the user's input. If the test is a failure, analysis 
will be conducted with new tests to follow.  

Sub-scale Test 
Flights 

Sub-scale test flight will take place on November 21, 2015. Backup date in case of inclement weather is November 22, 2015.  

Full-scale Test 
Flights 

Full-scale test flight will take place in February, 2016. Exact date to be determined.  

           
Milestone Review Flysheet 

           Institution North Carolina State University 
 

Milestone PDR 

           Additional Comments 
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Appendix B FMECA 

Function / 
Componen

t 
Failure Mode Causal Factors 

Failure Effects Hazar
d 

Recommendation
s Subsystem System 

Robotic 
Arm 

Electrical 
System 

Wires 
Twisted 

Careless/mess
y wiring. 

Tangled wires 

This could cause 
the robotic arm 

to cease 
functionality 
which means 

that the payload 
is not retrieved 

The payload 
would not be 
stored in the 

rocket, but the 
rocket would 
still be able to 

launch 

2 

Make sure that 
wires are layed 
out cleanly in a 

manner that 
allows for easy 

identification and 
replacement 

Bad Servo 
Motor(s) 

Manufacture 
Defect, Motor 
burns out due 

to power or 
programming 

issues 

2 

Make sure that 
servos are tested 
thouroughly to 
ensure that it is 

free of any 
manufacturer 

defects. Also take 
care to not supply 

too much 
voltage/amperage 

to the servos 

Loss of 
Power 

Poor 
connection or 

bad battery 
2 

Make sure that all 
batteries are fully 
charged and that 
wires are securely 

attached 

Bad 
Programming 

Careless 
programming 

of the 
subsystem, or 
no testing is 

done 

2 

Ensure that all 
code is tested 

thouroughly to 
minimize the risk 
of programmer 

error 

Rocket 
Erector 

Wires 
Twisted 

Careless/mess
y wiring. 

Tangled wires 

This could cause 
the erection 

system to fall or 
not get the 

rocket up to the 
proper 

launching angle 

The rocket may 
not be able to 
launch, and it 
could cause 

damage to the 
entire AGSE 
and Rocket 

2 

Make sure that 
wires are layed 
out cleanly in a 

manner that 
allows for easy 

identification and 
replacement 
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Stepper 
Motor Failure 

Manufacture 
Defect, Motor 
burns out due 

to power or 
programming 

issues 

system 

1 

Make sure that 
the stepper motor 

is tested 
thouroughly to 
ensure that it is 

free of any 
manufacturer 

defects. Also take 
care to not supply 

too much 
voltage/amperage 

to the motor 

Loss of 
Power 

Poor 
connection or 

bad battery 
1 

Make sure that all 
batteries are fully 
charged and that 
wires are securely 

attached 

Bad 
Programming 

Careless 
programming 

of the 
subsystem, or 
no testing is 

done 

2 

Ensure that all 
code is tested 

thouroughly to 
minimize the risk 
of programmer 

error 

Igniter 
Inserter 

Wires 
Twisted 

Careless/mess
y wiring. 

Tangled wires 

This would 
prevent the 
igniter from 

being inserted 
into the rocket 

The rocket may 
not be able to 
launch, becaus

e the motor 
will not be able 

to launch 
without a 

functioning 
igniter 

2 

Make sure that 
wires are layed 
out cleanly in a 

manner that 
allows for easy 

identification and 
replacement 

Stepper 
Motor Failure 

Manufacture 
Defect, Motor 
burns out due 

to power or 
programming 

issues 

1 

Make sure that 
the stepper motor 

is tested 
thouroughly to 
ensure that it is 

free of any 
manufacturer 

defects. Also take 
care to not supply 

too much 
voltage/amperage 

to the motor 

Loss of 
Power 

Power is 
disconnected 

from 
subsystem 

1 

Make sure that all 
batteries are fully 
charged and that 
wires are securely 

attached 
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Bad 
Programming 

Careless 
programming 

of the 
subsystem, or 
no testing is 

done 

2 

Ensure that all 
code is tested 

thouroughly to 
minimize the risk 
of programmer 

error 

Beaglebon
e (System 
Computer) 

Loss of 
power 

Poor 
connection or 

bad battery 

This would halt 
all AGSE 

subsystems 

The AGSE 
would not be 

able to 
perform it's 
mission and 
the rocket 

would not be 
able to launch 

2 

Make sure that all 
batteries are fully 
charged and that 
wires are securely 

attached 

Shorting out 

Incorrect 
amount of 
power is 

supplied to 
the computer 

1 

Ensure that the 
correct voltage 
regulators are 

always between 
the power source 
and the computer 

Program 
Malfunction 

Careless 
programming 

of the 
subsystem, or 
no testing is 

done 

1 or 2 

Ensure that all 
code is tested 

thouroughly to 
minimize the risk 
of programmer 

error 

Bad Wiring 

Inputs and 
outputs are 

connected to 
the incorrect 
ports on the 

computer 

2 

Make sure that all 
wiring is 

connected 
properly and 
follows the 

diagram that was 
computed prior to 

wiring 

Crystal 
Oscillator 

Incorrect 
Oscillation 

Rate 

Oscillation 
output is not 

measured 
with an 

oscilloscope 

This would 
cause improper 
functionality of 
the Erector and 

Igniter 
subsystems 

The AGSE 
would may not 

be able to 
erect the 

rocket to the 
correct 

launching 
angle, and/or it 

may not be 
able to insert 

the igniter 

2 

Use an 
oscilloscope to 

make sure we are 
getting the 

desired oscillation 
outputs for the 

designated 
stepper motor 

Shorting out 

Incorrect 
amount of 
power is 

supplied to 
the device 

1 

Ensure that the 
correct voltage 
regulators are 

always between 
the power source 
and the computer 
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Robotic 
Arm 

Structure 

Gripper 
misses target 

payload 

Arm gears 
aren't aligned 
on AGSE base 

Payload will not 
be retreived nor 

stored within 
the rocket 

The payload 
will not be 

stored in the 
rocket, but the 
rocket will still 

be able to 
launch 

3 

Calibrate the 
system on a 

regular basis and 
ensure that the 

gears are 
mounted squarely 

Gear Damage 

Debris in gears Arm will not 
move to the 

correct position 
and payload will 
not be retrieved 

nor stored 
within the 

rocket 

2 Check gears 
before and after 

each use to 
ensure that teeth 
are not blocked 
by debris or dull 

from previous use 

Dull gears 
after 

continued use 
2 

Support 
tubes break 

Improper 
handling of 
equipment 

The robotic arm 
will be rendered 
useless and the 
payload will not 
be retrieved nor 

stored within 
the rocket 

1 

Teach members 
proper handling 

procedure for 
robotic arm and 
other associated 

equipment 

Servos burn 
out 

Improper use 1 

Check the limits 
for the servos 

before applying 
any loads 

Faulty 
Equipment 

Dull Gears 3 Check equipment 
after shipping to 
ensure correct 

dimensions and 
no visible damage 

Faulty wiring 2 

Manufacturing 
Defects 

2 

Damage 
occurred 

during transit 

Improper 
handling 

3 
Teach member 
proper handling 

and storage 
procedures for 

transporting the 
robotic arm 

Insufficient 
packing 

3 

Erection 
System 

Gearing 

Gear damage 

Motor will be 
unable to raise 

the rocket 

Rocket will not 
be able to 

launch if not 
erected to 5 

degrees from 
vertical 

1 Fabricate both 
gears with the 
same thickness 
and same teeth 

depth 

Gear slipping 1 

Debris in gears 1 
Ensure that gear 
teeth are clear 

before operation 

Ratchet Ratchet jams 
Erection system 
will stop moving 

1 

Ensure proper 
alignment of 

erection system 
on AGSE base 
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Ratchet weld 
fails 

Rocket and rail 
will fall with no 

support 
1 

Check for cracks 
in welding before 

each run 

Motor Over torqued 

Motor will be 
unable to raise 
the rocket and 

permanent 
damage may 

occur 

1 

Ensure that motor 
selection includes 
a factor of safety 

for applied torque 
greater than 1.0 

Leg Failure 
Legs fall or 
break off  

Screws come 
loose 

Legs fall off of 
the AGSE 

The AGSE 
topples and 
can't launch 
the rocket 

2 
Check that screws 

are tight before 
use 

Manufacturing 
defect 

Structual 
instability in the 

legs 

2 
Check the parts 

before assembling 

Damage 
occured 

during transit 
2 

Check equipment 
after shipping to 
ensure no visible 

damage 

Blast Plate 

Rocket 
emissions are 

reflected 
back at the 

rocket 

Plate is angled 
incorrectly 

Reflected 
emissions could 
ignite the motor 
unevenly before 

it leaves the 
launch rail 

Structural 
damage can 
occur which 

may result in a 
catastrophic 

failure 

1 
Check the angle of 

the plate before 
use 

Igniter 
Insertion 
System 

Dowel rod 
fails 

Dowel breaks 

Motor fails to 
ignite 

System 
requires 
human 

intervention to 
launch 

2 
Test dowels prior 

to 
implementation 

Dowel 
improper size 

2 
Ensure 

dimensions are 
correct on 

equipment and 
test igniter action 

before launch 

Dowel scrapes 
propellant 

2 

No ignition 

Igniter is not 
fully inserted 

into motor 
2 

Make sure igniter 
is secure on the 

rail 

Bad igniter 3 

Ensure that 
igniters have been 

stored properly 
and are visually 

undamaged 

Electrical short 
in wiring 

2 

Ensure that no 
damage to the 

wiring has 
occurred via 
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visual inspection 

Batteries 

Insufficient 
Power 

System loses 
power during 

operation 

Loss of system 
power will halt 

all launch 
operations 

Loss of system 
power supply 

will halt all 
launch 

operations 

2 

Check charge of 
battery at least 12 

hours prior to 
operation 

Leaking 

Battery will be 
rendered 
useless  

1 Teach members 
safe handling and 

storage 
techniques for the 

batteries 

Permanent 
damage to 

environment 
or equipment 

1 

Damage 
occurred 

during transit 

Insufficient 
packing 

Battery will be 
rendered 
useless 

3 

Use a padded 
envelope to store 
batteries during 

transit 

AGSE 
Stability 

Instability 
during rocket 

erection or 
launch 

Imbalanced 
AGSE 

AGSE topples 
before or during 

erection 

Launch 
platform 

instability coul
d result in 

damage to the 
rocket or AGSE 
during rocket 
erection and 

launch 

2 
Using hand levels 

to orient the 
AGSE with no tilt 

Strong winds 3 

Monitoring 
weather 

conditions prior 
to launch to 

ensure that the 
wind is within 

limits 

Set up on an 
inclined 
surface 

4 
Cleated legs for 

extra grip on 
surface 

Black 
Powder 
Charges 

Failure to 
Ignite 

E-Match 
doesn't light 

First ejection 
charge does not 

ignite 

Rocket fails to 
separate and 

deploy 
parachute(s) 

4 

Conduct ground 
tests to ensure 

that enough black 
powder will be 
used for proper 

separation. 
Thoroughly check 

redundant 
systems prior to 

launch 

Altimeter 
Malfunction 

4 

Improper 
Programming 

4 

Redundant 
black powder 
fails to ignite 

E-Match 
doesn't light 

Failure of both 
ejection charges 

1 

Altimeter 
Malfunction 

1 

Improper 
Programming 

1 
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Violent 
ejection 
causes 

accidental 
separation 

Charge is too 
big 

Causes violent 
separation 

and/or damage 
to surrounding 

area 

Could cause 
damage to 

bulkheads or 
shock-cord, 

resulting in a 
possible failure 

of parachute 
deployment 

1 

Verify that 
charges are 

sealed properly 
and the correct 
amount of black 

powder using pre-
flight checklists 

Avionics 
(altimeters

) 

No power to 
avionics or 

charges 
Dead Battery 

Loss of real-time 
altitude data 

Failure of 
parachute 

deployment 

1 

Begin charging 
batteries at least 
12 hours prior to 

launch, and 
ensure all 

batteries have the 
correct voltage 

before flight 

Faulty 
Altimeter 

Manufacturer 
defect 

No ejection or 
premature/late 

ejection 
1 

BigRedBee 
(GPS) 

Ground 
System 
Failure 

Loss of power 
to ground 

receiver or the 
laptop 

In ability receive 
data from the 

GPS 

Inability to 
track and 

recover the 
rocket (in a 
reasonable 
amount of 

time) 

3 

Make sure that 
the receiver and 
laptop are fully 

charged at least 6 
hours prior to 

flight 

Loss of signal 

Environment 
or rocket 
materials 

blocking signal 

3 

Perform range 
tests to ensure 
reliability of the 

system at 
simulated 

altitudes and 
ground distances 

Radio 
Interference 

Multiple radio 
devices on the 

same local 
frequency and 

channel 

3 

Make sure that all 
transmitting 

devices are on 
separate channels 
and confirm with 
other teams and 
launch officials 

that no frequency 
conflict exists 

Loss of 
power 

Flight forces 
cause GPS to 
disconnect 
from power 

supply 

3 

Make sure all GPS 
units are fully 

charged and use 
simulated load 

tests to 
determine the 

necessary 
procedures to 

secure the units 
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Airbrakes 
and 

Telemetry 

Arduino 
Failure 

Loss of power, 
damage 

during flight, 
severed data 
connection, 
bad altitude 

readings 

Failed 
deployment of 

one or both 
airbrake flaps 

Failure of 
airbrakes may 

cause the 
rocket to break 

the altitude 
goal 

4 
Take steps to 

ensure that all 
system 

components are 
properly seated to 

prevent any 
shifting during 

flight. Ensure that 
all wires are 
connected 

properly and that 
batteries are fully 
charged prior to 

launch 

Altimeter 
Connection 

Failure 
4 

Datalogger 
Failure 

4 

GPS Failure 4 

Radio Failure 4 

Linear 
Actuator 
Failure 

4 

Fiberglass 
Airframe 

Cracks or 
Breaks 

Manufacturing 
Defect 

Structural 
integrity of 
fiberglass 

sections at risk 

Possible 
premature 

separation of 
rocket 

segments or 
rapid 

unscheduled 
disassembly 
during flight 

1 

Visual inspection 
after shipping 

before any 
structural 

implementation 

Experienced 
loads beyond 

design 
specifications 

1 

Implement a 
safety factor 

greater than 1.0 
to ensure 
that flight 

conditions do not 
exceed design 
specifications 

Damaged 
during 

handling 
1 

Team members 
will be taught 

proper handling 
procedures for 

body tubing and 
the assembled 

rockets 

Improper 
maintenance 

1 

Thorough pre- 
and post-launch 
inspections of 
body tubing 

Bulkheads 

Separation of 
bulkhead 

from 
airframe 

during flight 

Manufacturing 
Defect 

Structural 
integrity of 

rocket segments 
at risk 

Possible 
premature 

separation of 
rocket 

segments, 
rapid 

disassembly of 
rocket, or 
recovery 

system failure 
during descent 

1 

Visual inspection 
after completing 

construction 
before any 

implementation 

Loads beyond 
design 

specifications 
1 

Implement a 
safety factor to 

ensure that flight 
conditions do not 

exceed design 
specifications 
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Damaged 
during 

handling 
1 

Team members 
will be taught 

proper handling 
and installation 
procedures for 

bulkheads 

Improper 
maintenance 

1 

Thorough pre- 
and post-launch 
inspections of 

bulkheads 

Parachute 
and bulkhead 

separation 
during flight 

Loads beyond 
design 

specifications 

Without an 
attached 

parachute, a 
rocket segment 
could be free to 

free fall 

Loss of 
recovery 

system will 
result in 

mission failure 
and can cause 

harm to 
ground crew 

1 

Implement a 
safety factor to 

ensure that flight 
conditions do not 

exceed design 
specifications 

Improper 
maintenance 

1 

Thorough pre- 
and post-launch 
inspections of 

bulkheads 

Non-
compromisin

g cracks 

Loads beyond 
design 

specifications 

Present 
potential for 

further damage 
to bulkhead  

If left 
unnoticed, a 

small crack can 
expand during 

flight which 
may result in 

bulkhead 
failure 

3 

Implement a 
safety factor to 

ensure that flight 
conditions do not 

exceed design 
specifications 

Damaged 
during 

handling 
3 

Adhere to proper 
handling 

procedure 

Improper 
maintenance 

3 

Thorough pre- 
and post-launch 
inspections of 

bulkheads 

Fins 
Surface 
damage 

Loads beyond 
design 

specifications 

Damage to fin 
will necessitate 
its replacement 

before any 
future launches 

Fin failure 
during flight 
will decrease 

stability of 
rocket and will 
likely cause a 
catastrophic 

failure 

1 

Implement a 
safety factor to 

ensure that flight 
conditions do not 

exceed design 
specifications 

Damaged 
during 

handling 
1 

Team members 
will be taught 

proper handling 
procedures for 

fins and fin 
section 

Improper 
maintenance 

1 

Pre- and post-
launch thorough 

inspections of the 
fins 
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Ground 
impact 

2 

Implement a 
recovery system 

design that 
ensures a low 
speed surface 

impact 

Fin flutter 

Loads beyond 
design 

specifications 

Loss of fin 
subsystem 

effectiveness 

Decreased 
flight stability, 
and possible 
damage to 

other 
components 

4 

Maintain 
operations within 

design 
specifications 

Damaged 
during 

handling 
4 

Adhere to proper 
handling 

procedure 

Improper 
maintenance 

4 

Pre- and post-
launch thorough 

inspections of the 
fins 

Shear Pins 

Pins break 
before 
charge 

detonation 

Manufacturing 
Defect 

Loose assembly 
of compartment 

Separation of 
vehicle 

compartments 

2 

Visual inspection 
after shipping 

before any 
implementation 

Loads beyond 
design 

specifications 
2 

Maintain vehicle 
within design 
specifications 

Improper 
maintenance 

2 
Use of new pins 

after each launch 

Pins don't 
break at 
charge 

detonation 

Manufacturing 
Defect 

Failure to 
separate 

Loss of safe 
and effective 

recovery 
system 

1 
Pre-launch visual 

inspection of 
shear pins 

Poor Design 1 

Proper calculation 
of the force 

exerted on the 
pins during 
detonation 

Avionics 
Sled 

Detaches 
from secured 

position 

Loads beyond 
design 

specifications 

Damage 
to/loose wiring 

of avionics 
components 

Loss of 
recovery 
system 

initiation 

1 
Use simulations 
to test max load 

before failure 

Damaged 
during 

handling 
1 

Team members 
will be taught 

proper handling 
and installation 
procedures for 

the avionics sled 

Improper 
maintenance 

1 

Pre- and post-
launch thorough 

inspections of the 
avionics sled 
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Nosecone 

Non-
compromisin

g cracks 

Loads beyond 
design 

specifications 

Potential for 
future damage 

If left 
unattended 

this could lead 
to catastrophic 
failure of the 
entire system 

3 
Use simulations 
to test max load 

before failure 

Damaged 
during 

handling 
3 

Team members 
will be taught 

proper handling 
and installation 
procedures for 

nosecone 

Improper 
maintenance 

3 

Pre- and post-
launch thorough 

inspections of the 
nosecone 

Damage from 
impact 

Loads beyond 
design 

specifications 

Loss of future 
nosecone use 

If left 
unattended 

this could lead 
to catastrophic 
failure of the 
entire system 

2 

Visual inspection 
of nosecone after 
shipping before 

any 
implementation 

Damaged 
during 

handling 
2 

Team members 
will be taught 

proper handling 
and installation 
procedures for 
the nosecone 

Improper 
maintenance 

2 

Pre- and post-
launch thorough 

inspections of 
airbrakes 

Premature 
separation 
from other 
structural 
members 

Damaged 
during 

handling Potential for 
structural 
damage 

Loss of 
controlled and 
stabilized flight 

2 

Team memebers 
will be taught 

proper handling 
and installation 
procedures for 
the nosecone 

Improper 
maintenance 

2 

Pre- and post-
launch thorough 

inspections of the 
nosecone 

Airbrakes 
Asymmetric 
Engagement 

Rod fails 

One 
airbrake engage

s, the other 
remains stowed 

Unstable flight 
that could lead 
to catastrophic 

failure 

1 
Test the rods to 
find max load 

capacity 

Flap breaks 1 

Implement a 
safety factor 

greater than 1.0 
to ensure that 

flight conditions 
do not exceed 

design 
specifications 
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Non-
compromisin

g cracks 

Loads beyond 
design 

specifications 

Potential for 
future damage 

If left 
unattended 

could lead to 
catastrophic 

subsystem and 
system failure 

3 

Implement a 
safety factor 

greater than 1.0 
to ensure that 

flight conditions 
do not exceed 

design 
specifications 

Damaged 
during 

handling 
3 

Team members 
will be taught 

proper handling 
and installation 
procedures for 

airbrakes 

Improper 
maintenance 

3 

Pre- and post-
launch thorough 

inspections of 
airbrakes 

Damage from 
impact 

Loads beyond 
design 

specifications Loss of future 
use of airbrakes 

system 

Permanent 
damage of 

airbrakes will 
render them 

useless 

2 

After each launch, 
airbrake systems 

will be thoroughly 
inspected for any 

minor defects 

Improper 
maintenance 

2 

Pre- and post-
launch thorough 

inspections of 
airbrakes 

No 
Engagement 

Rod fails 

Both airbrakes 
fail to engage 

The rocket will 
overshoot its 

target altitude 

3 

Run tests to 
aquire the 

maximum load 
that the rods can 

support and make 
sure that the 

loads on the rods 
stay well within 

the limits using a 
safty factor 

greater than 1.0 

Rod bends 3 

Flap breaks 3 

Use simulations 
to test max load 

before failure and 
implement a 
safety factor 

greater than 1.0 

Debris in the 
hinges 

3 

Pre- and post-
launch thorough 

inspections of 
airbrakes 
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Linear 
actuator fails 

to activate 
3 

Pre- and post-
launch thorough 

inspections of 
linear actuators, 

and proper 
installation of 

linear actuators 

Failure for 
the airbrakes 

to stow on 
descent 

Linear 
actuator fails 

to activate 
Damage to 
airbrakes 

subsystem on 
landing 

Permanent 
damage to 

airbrakes will 
render them 

useless 

2 

Pre- and post-
launch thorough 

inspections of 
linear actuators, 

and proper 
installation of 

linear actuators 

Debris in the 
hinges 

2 

Pre- and post-
launch thorough 

inspections of 
airbrakes 
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Appendix C MSDS for Hazardous Materials 

A. GOEX Black Powder
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B. Klean-Strip Acetone
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C. West Systems 105 Epoxy Resin 
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D. West Systems 206 Slow Hardener
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E. Fiberglass Fabric



 

 

117 | P a g e  

 

 
  



 

 

118 | P a g e  

 

F. Batteries 
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G. Electronic Matches
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Cotton Flock 
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Baby Wipes 
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Igniter 
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Liquid Nails 
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Glass Microspheres 
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